Assay and Purification of Coxsackievirus B3 by Schnurr, Michael J.
ASSAY AND P U R I F I C A T I O N  OF COXSACKIEVIRUS B 3  
A T h e s i s  
P r e s e n t e d  t o  
T h e  C o l l e g e  o f  A r t s  a n d  S c i e n c e s  
D r a k e  U n i v e r s i t y  
I n  P a r t i a l  F u l f i l l m e n t  
o f  t h e  R e q u i r e m e n t s  f o r  t h e  D e g r e e  
M a s t e r  o f  A r t s  
b Y 
M i c h a e l  J .  S c h n u r r  
F e b r u a r y  1 9 9 1  
ASSAY AND PURIFICATION OF COXSACKIEVIRUS B3 
by 
Michael J. Schnurr 
Approved by Conunittee 
/Dr. James C ~ o h n s o n  J 
Dr.Rodney A .  Rogers u 
Dr. LaRhee L .  Henderson 
The College of Arts and Sciences 
ASSAY AND PURIFICATION OF COXSACKIEVIRUS B 3  
An a b s t r a c t  of  a  t h e s i s  by 
Michae l  J .  Schnur r  
F e b r u a r y  1 9 9 1  
Drake U n i v e r s i t y  
A d v i s o r :  D r .  James C. Johnson 
T h e  p rob lem.  Which o f  t h e  a v a i l a b l e  m e t h o d o l o g i e s  f o r  t h e  
p u r i f i c a t i o n  f o r  C o x s a c k i e  v i r u s  B3 (CB3),  a  P i c o r n a v i r u s  p r o v i d e  t h e  
h i g h e s t  d e g r e e  of  p u r i t y  w i t h  t h e  g r e a t e s t  y i e l d .  
The p r o c e d u r e .  Q u a n t i t a t i v e  methods f o r  t h e  a s s a y  and  
p u r i f i c a t i o n  of  CB3 were d e v e l o p e d .  CB3 was p r o p a g a t e d  i n  b u f f a l o  g r e e n  
monkey (BGM) c e l l s  i n  t i s s u e  c u l t u r e .  The v i r u s  was r e l e a s e d  f rom t h e  
i n f e c t e d  BGM cel ls  by v a r i o u s  methods .  P u r i f i c a t i o n  m e t h o d s  i n c l u d e d  
p r e c i p i t a t i o n s ,  d i f f e r e n t i a l ,  i s o p y c n i c ,  and  r a t e  z o n a l  c e n t r i f u g a t i o n .  
V i r u s  p u r i t y  was a s s e s s e d  by SDS-polyacrylamide g e l  e l e c t r o p h o r e s i s .  
, , 
-. The p l a q u e  a s s a y  f o r  CB3 was f o u n d  t o  b e  r e p r o d u c i b l e  
a n d  q u a n t i t a t i v e .  The d o s e  r e s p o n s e  c u r v e  of t h e  a s s a y  was l i n e a r  
between 5 a n d  8 0 0  p l a q u e s  on a  55 crn2 t i s s u e  c u l t u r e  d i s h .  Maximum 
y i e l d s  of  CB3 were o b t a i n e d  from i n f e c t e d  c e l l s  b y  t r e a t m e n t  w i t h  sodium 
d o d e c y l  s u l f a t e  ( S D S ) .  The o v e r a l l  y i e l d  of  CB3 p u r i f i e d  by i s o p y c n i c  
b a n d i n g  i n  c e s i u m  c h l o r i d e  was a p p r o x i m a t e l y  4 0 %  of  t h e  v i r u s  i n  t h e  
i n i t i a l  c e l l  l y s a t e .  A s  judged by p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  i n  
S D S ,  t h e  p u r i f i e d  v i r u s ,  f o l l o w i n g  r a t e  z o n a l  c e n t r i f u g a t i o n  i n  s u c r o s e ,  
was g r e a t e r  t h a n  9 0 %  homogeneous. 
C o n c l u s i o m .  The v i r u s  y i e l d s  and p u r i t y  were s u i t a b l e  f o r  t h e  
s t u d y  of  v i r u s - c e l l  a d s o r p t i o n  i n t e r a c t i o n s .  
n d a t l o n s .  F u r t h e r  s t u d i e s  s h o u l d  be d o n e  u s i n g  t h e s e  
t e c h n i q u e s  i n  an  a t t e m p t  t o  i n c r e a s e  t h e  amount o f  p r o t e i n  and  v i r u s  
a p p l i e d  t o  i s o p y c n i c  and r a t e  z o n a l  g r a d i e n t s .  
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INTRODUCTION 
Of t h e  n i n e t e e n  f a m i l i e s  of v i r u s e s  w i t h  members a f f e c t i n g  humans, 
t h e  f a m i l y  P i c o r n a v i r i d a e  ( P i c o = s m a l l ;  RWA=ribonucleic a c i d )  c o n t a i n s  
t h e  s m a l l e s t  (27 -30  nm d i a m e t e r )  of a l l  known RNA v i r u s e s .  
P i c o r n a v i r u s e s  a r e  nonenve loped  RNA v i r u s e s  which c o l l e c t i v e l y  form t h e  
s e c o n d  l a r g e s t  g r o u p  of human v i r a l  p a t h o g e n s .  T h e r e  a r e  185  
p i c o r n a v i r u s e s  which a f f e c t  humans and  many more a f f e c t i n g  o t h e r  
v e r t e b r a t e s  a s  w e l l  a s  p l a n t s .  I n c l u d e d  i n  t h e  P i c o r n a v i r l d a e  a r e  s u c h  
v i r u s e s  a s  t h e  w e l l  known p o l i o v i r u s e s  (PV),  h e p a t i t i s  A v i r u s  ( H A V ) ,  
a n d  t h e  human r h i n o v i r u s e s  ( H R V )  t o  which, i n  p a r t ,  t h e  common c o l d  is  
a t t r i b u t e d .  Nonhuman p i c o r n a v i r u s e s  of  impor tance  i n c l u d e  t h e  Mengo 
v i r u s e s ,  a n d  t h e  Foot-and-mouth d i s e a s e  v i r u s  (FMDV). 
The Germans L o e f f l e r  and  Frosh  (1898) were among t h e  f i r s t  
i n v e s t i g a t o r s  t o  work w i t h  animal  v i r u s e s  (13. T h e i r  s u b j e c t  was t h e  
c a u s a t i v e  a g e n t  of  foot-and-mouth d i s e a s e  (FMD) which was presumed t o  b e  
a b a c t e r i u m .  They e s t a b l i s h e d  t h a t  t h e  c a u s a t i v e  a g e n t ,  known a s  a  
" c o r p u s c u l a r  e n t i t y , "  was f i l t e r a b l e  t h r o u g h  ~ n i c r o p o r o u s  f i l t e r s  known 
t o  r e t a i n  even  t h e  s m a l l e s t  known b a c t e r i a  (1). Toge ther  w i t h  many 
o t h e r  " f i l t e r a b l e  a g e n t s , "  FMD was e s t a b l i s h e d  a s  a  d i s e a s e  of  v l r a l  
o r i g i n  and t h e  p r o p e r t i e s  of t h e  v i r u s  p l a c e d  it i n t o  t h e  f a m i l y  
P i c o r n a v i r i d a e  ( 2 )  . I n  1909 L a n d s t e i n e r  and Popper ( 3 )  d e m o n s t r a t e d ,  
u s i n g  s p i n a l  c o r d  and f e c a l  u l t r a f i l t r a t e s  £01  i n t r a p e r i t o n e a l  
i n o c u l a t i o n  of monkeys, t h a t  a  v i r u s  c a u s e d  p o l i o m y e l i t i s .  However, it 
was n o t  u n t i l  1955 t h a t  i t  was e s t a b l i s h e d  t h a t  p o l i o m y e l i t i s  was a  
d i s e a s e  c a u s e d  by a  p i c o r n a v i r u s  ( 4 ) .  The p r o p a g a t i o n  of  p o l i o v i r u s  i n  
c u l t u r e s  of n o n n e u r a l  human and monkey k i d n e y  t i s s u e  was a c c o m p l i s h e d  by 
E n d e r s ,  W e l l e r ,  and  Robbins  i n  1945 ( 5 ) .    his f i n d i n g  l e d  d i r e c t l y  and  
r a p i d l y  t o  t h e  development  of  t h e  S a l k  and S a b i n  v a c c i n e s  ( 6 ) .  
P r o p a g a t i o n  o f  v i r u s e s  i n  t i s s u e  c u l t u r e  a l s o  b r o u g h t  a b o u t  t h e  i n t e n s e  
s t u d y  o f  t h e  m o l e c u l a r  b i o l o g y  of  p i c o r n a v i r u s e s .  I n  1954,  u s i n g  
p o l i o v i r u s ,  Rena to  Dulbecco d e v e l o p e d  t h e  p l a q u e  a s s a y  f o r  v i r a l  
i n f e c t i v i t y  ( 7 ) .  T h i s  a s s a y  now e x t e n d e d  t o  many o t h e r  v i r u s e s  i s  one 
of  t h e  most f u n d a m e n t a l l y  i m p o r t a n t  p r o c e d u r e s  i n  v i r o l o g y .  Methods f o r  
t h e  p u r i f i c a t i o n  a n d  c r y s t a l l i z a t i o n  of  p o l i o v i r u s  p a r t i c l e s  were 
d e v e l o p e d  by S c h a f f e r  and Schwerdt i n  1955 ( 8 ) .  A s o u r c e  of p u r e  
c r y s t a l l i z e d  v i r u s  made i t  p o s s i b l e  t o  a n a l y z e  t h e  s t r u c t u r e  of  
p i c o r n a v i r u s e s  by X-ray c r y s t a l l o g r a p h y  ( 9 ) .  
D u r i n g  s t u d i e s  i n  which newborn mice r a t h e r  t h a n  a d u l t  mice were 
u s e d  a s  h o s t s  f o r  p o l i o v i r u s ,  D a l l d o r f  e t  a l . ,  i n  1948,  i s o l a t e d  two new 
v i r u s e s  ( 1 0 ) .  These  v i r u s e s  became t h e  f i r s t  members o f  a  n o n p o l i o v i r u s  
s u b g r o u p  w i t h i n  t h e  P i c o r n a v i r i d a e  f a m i l y .  T h e s e  v i r u s e s  were i s o l a t e d  
f r o m  t h e  f e c a l  m a t e r i a l  o b t a i n e d  f rom each  o f  two c h i l d r e n  w i t h  f l a c c i d  
p a r a l y s i s  i n  Coxsack ie ,  New York ( 1 1 ) .  The s o  c a l l e d  " c o x s a c k i e v i r u s e s "  
(CV) were l a t e r  found  t o  i n f e c t  t h e  e n t e r l c  t r a c t  o f  humans. With t h i s  
f i n d i n g  i t  became a p p a r e n t  t h a t  p o l i o v i r u s  w a s  n o t  t h e  s o l e  c a u s e  of 
v i r a l  e n t e r i c  i n f e c t i o n s  i n  man. 
The d i s c o v e r y  of t h e  subgroup  echov i ruses  ( e n t e r i c  c y t o p a t h i c  
human a r p h a n  v i r u s e s l ,  t h e  t h i r d  d e s i g n a t i o n  wi th in  t h e  P i c o r n a v i r i d a e  
f a m i l y ,  was brought  about  by t h e  i n t r o d u c t i o n  of b e t t e r  t i s s u e  c u l t u r e  
t e c h n i q u e s  (12). The f i r s t  e c h o v i r u s e s  were i s o l a t e d  from human f e c e s  
o b t a i n e d  d u r i n g  ep idemio log ic  s t u d i e s  of p o l i o m y e l i t i s .  The echov i ruses  
w e r e  f r e q u e n t l y  found i n  normal i n d i v i d u a l s  f r e e  from c l i n i c a l  d i s e a s e  
s u b s e q u e n t l y  t h e s e  v i r u s e s  were n o t  c l e a r l y  a s s o c i a t e d  wi th  any known 
human d i s e a s e .  These v i r u s e s  w e r e  a p p r o p r i a t e l y  named "orphan" v i r u s e s  
s i n c e  t h e y  were no t  a s s o c i a t e d  w i t h  any known d i s e a s e .  Time and e f f o r t s  
have changed t h e  orphan s t a t u s  of Echovi ruses .  They a r e  known t o  be t h e  
c a u s a t i v e  a g e n t s  of r e s p i r a t o r y  syndromes, f e b r i l e  r a shes ,  and c e n t r a l  
nervous  system i n f e c t i o n s  (13)  . 
The r h i n o v i r u s e s ,  ( r h i n o = n o s e ) ,  t h e  l a s t  of t h e  subgroup 
d e s i g n a t i o n s  of t h e  human P i c o r n a v i r i d a e ,  were d i s cove red  by P r i c e  i n  
1956 a s  a  r e s u l t  of s t u d i e s  of m i l d  upper r e s p i r a t o r y  t r a c t  i n f e c t i o n s  
t h a t  resembled t h e  common c o l d  ( 1 4 ) .  Kruse i n  1914 showed t h a t  t h e  
common c o l d  was t r a n s m i s s i b l e  t o  man by a  f i l t e r a b l e  agent  p robably  a  
v i r u s  ( 1 5 ) .  In  1953, Andrewes e t  a l .  r e p o r t e d  a method f o r  c o l d  v i r u s  
p r o p a g a t i o n  ( 1 6 ) .  F u r t h e r  s t u d i e s  by Andrews and Dowling e t  a l .  showed 
t h a t  t h e  common c o l d  was caused by a l a r g e  number of s i m i l a r  v i r u s e s  
( 7 , )  . s i n c e  t h e  o r i g i n a l  i s o l a t i o n  and characterization i n  1956, 
115 immunological ly  d i s t i n c t  b u t  b i o l o g i c a l l y  r e l a t e d  v i r u s e s  have been 
i s o l a t e d  and c l a s s i f i e d  a s  r h i n o v i r u s e s  ( 2 0 ) .  
v l r u s  S t  r u c t m  
The morphology, p h y s i c a l  and chemica l  c h a r a c t e r i s t i c s  of  t h e  
p i c o r n a v i r u s e s  d i f f e r  o n l y  s l i g h t l y  from g r o u p  t o  g roup  i n  s i z e  and 
s t r u c t u r e  ( 2 1 ) .  The p i c o r n a v i r a l  c a p s i d  h a s  a  r e g u l a r  arrangement  of 
s u b u n i t s ,  a s  shown by n e g a t i v e  s t a i n i n g ,  t h a t  a r e  c o n s i s t e n t  wi th  t h e  
i c o s a h e d r a l  symmetry of t h e  v i r i o n  ( 2 1 ) .  The d i a m e t e r  of t h e  
p i c o r n a v i r a l  v i r i o n  is 27-30 nm. The RNA genome o f  t h e  v i r i o n  i s  s i n g l e  
s t r a n d e d ,  o f  p o s i t i v e  s e n s e  and 7 . 7  k i l o b a s e s  i n  s i z e  w i th  a  G+C 
compos i t i on  o f  46 m o l e s  % .  The c o x s a c k i e v i r u s e s  d i f f e r  s i g n i f i c a n t l y  i n  
b a s e  compos i t i on  w i t h  o n l y  5% base  s equence  homology w i th  p o l i o v i r u s e s  
( 2 1 ) .  The p a r t i c l e  m a s s  of t h e  p i c o r n a v i r u s  v i r i o n  i s  1 . 1 x 1 0 - ' ~  grams, 
a s  d e t e r m i n e d  by d e n s i t y  and mass c a l c u l a t i o n s ,  and  has  a  mo lecu l a r  
weigh t  of  8 - 9 x 1 0 ~  d a l t o n s  ( 2 2 ) .  RNA makes up 30% of t h e  v i r i o n  by 
weigh t  and t h e  r ema inde r  of t h e  mature  i n f e c t i o u s  s t r u c t u r e  i s  composed 
of  f o u r  major  and one minor  s p e c i e s  of v i r u s  s t r u c t u r a l  p r o t e i n  ( v i r u s  
p r o t e i n s ,  VP, 1-4; and  VPg) (23)  . VP1-3 are  found on t h e  s u r f a c e  of t h e  
c a p s i d .  VP4 is a s s o c i a t e d  i n t e r n a l l y  w i t h  t h e  i n n e r  s u r f a c e  of t h e  
c a p s i d  and  t h e  RNA, a n d  VPg i s  c o v a l e n t l y  a t t a c h e d  t o  t h e  5 '  end of t h e  
RNA ( 2 1 ) .  The RNA c o d e s  f o r  a t  l e a s t  t h r e e  n o n s t r u c t u r a l  p r o t e i n s ,  two 
o f  which a r e  p r o t e a s e s  and t h e  o t h e r  an RNA t r a n s c r i p t a s e .  
. . 
P l c o r n a v i r u s  C l a s s l f l c a t ~ o n  
The f a m i l y  P i c o r n a v i r i d a e  c o n s i s t s  of f o u r  g e n e r a ,  E n t e r o v i r u s e s ,  
C a r d i o v i r u s e s ,  Kh inov i ru se s ,  and A p t h o v i r u s e s .  T h e  E n t e r o v l r u s  and t h e  
Hh inov i ru s  gene ra  have  members a f f e c t i n g  man. Al though t h e y  a r e  
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p h y s i c a l l y  v e r y  s i m i l a r ,  t h e  p i c o r n a v i r u s e s  can b e  d i v i d e d  by means of 
t h e  l o c a t i o n  o r  t h e  s i t e  where t h e y  n o r m a l l y  i n f e c t  and m u l t i p l y  w i t h i n  
humans o r  o t h e r  h o s t s  ( 2 4 ) .  The e n t e r o v i r u s e s  n o r m a l l y  i n h a b i t  t h e  
e n t e r i c  t r a c t  of man and  o t h e r  a n i m a l s .  The a p t h o v i r u s e s  i n f e c t  hooved 
a n i m a l s .  The r h i n o v i r u s e s  i n f e c t  t h e  nasopharyngea l  r e g i o n  of man  and  
o t h e r  a n i m a l s .  The c a r d i o v i r u s e s ,  a s  t h e  name i m p l i e s ,  i n f e c t  c a r d i a c  
t i s s u e .  
The genus  E n t e r o v i r u g  i n c l u d e s  t h e  p o l i o v i r u s e s  ( 3  s e r o t y p e s ) ,  
t h e  c o x s a c k i e v i r u s e s  (23  A s e r o t y p e s  and  6 B s e r o t y p e s ) ,  t h e  e c h o v l r u s e s  
( e n t e r i c  ~ y t o p a t h i c  human ~ r p h a n  y i r u s e s ,  32 s e r o t y p e s ) ,  t h e  human 
e n t e r o v i r u s e s  ( s e r o t y p e s  6 8 - 7 2 ) ,  and t h e  human h e p a t i t i s  A v i r u s .  There  
a r e  a d d i t i o n a l l y ,  37 nonhuman e n t e r i c  v i r u s e s  c l a s s i f i e d  i n  t h i s  g e n u s .  
S p e c i e s  d e s i g n a t i o n s  a r e  n o t  made. C o x s a c k i e v i r u s e s  a r e  d i v i d e d  i n t o  
g r o u p s  A and  B, a  d i v i s i o n  which o r i g i n a l l y  was made b a s e d  on t h e  t y p e s  
of l e s i o n s  produced i n  newborn and  s u c k l i n g  mice .  Group A v i r u s e s  
p roduce  a  d i f f u s e  m y o s i t i s  wi th  a c u t e  in f lammat ion  and n e c r o s i s  of 
f i b e r s  i n  v o l u n t a r y  musc les  ( 2 5 ) .  Focal  a r e a s  o f  d e g e n e r a t i o n  i n  t h e  
b r a i n ,  l o c a l i z e d  n e c r o s i s  of s k e l e t a l  muscle ,  inflammation of  t h e  d o r s a l  
f o o t  p a d s ,  p a n c r e a s  and  o c c a s i o n a l l y  t h e  myocardium a r e  a l l  symptoms 
c a u s e d  b y  i n f e c t i o n  of  newborn mice wl th  t h e  g roup  B c o x s a c k i e v i r u s e s  
( 2 5 ) .  
. . The genus  Q r d r o v ~ r u s  c o n t a i n s  t h e  Colombia SKt 
e n c e p h a l o m y o c a r d i t i s  (EMC) , Maus E b e r f e l d  (ME) and  t h e  mengovi ruses .  
~ 1 1  t h e  viruses i n  t h i s  genus  a r e  o f  one s e r o t y p e  and a r e  c o n s i d e r e d  to 
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b e  s t r a i n s  o f  t h e  EMC v i r u s  (24). These v i r u s e s  do  n o t  r e g u l a r l y  i n f e c t  
humans.  
The genus  J3bdmvi rus ,  with members i n f e c t i n g  t h e  nasopharyngea l  
r e g i o n  of  man, h a s  8 9  r e c o g n i z e d  s e r o t y p e s  wi th  a  number of  a d d i t i o n a l  
c a n d i d a t e  v i r u s e s  known. The t o t a l  number of v i r u s e s  i n  t h i s  genus  i s  
most l i k e l y  115 ( 2 0 1 .  R h i n o v i r u s e s  a r e  d i f f e r e n t i a t e d  from a l l  o t h e r  
p i c o r n a v i r u s  g e n e r a  by t h e i r  r a p i d  i n a c t i v a t i o n  a t  p H  less t h a n  7 . 0 .  
The f o u r t h  s u b d i v i s i o n  i s  t h e  genus Aptho-. T h i s  genus  
c o n t a i n s  t h e  foot-and-mouth d i s e a s e  v i r u s  which i s  i t s e l f  compr i sed  of  7 
immunotypes.  F i f t y - t h r e e  i n d i v i d u a l  v i r u s e s  [ w i t h i n  t h e s e  seven  t y p e s )  
h a v e  been  d e s i g n a t e d  by complement f i x a t i o n  ( 2 4 ) .  A l l  t h e  immunotypes 
are h i g h l y  a c i d  l a b i l e  and a r e  i n a c t i v a t e d  a t  pH g r e a t e r  t h a n  7 ( 2 4 ) .  A 
number of v i r u s e s  i n c l u d i n g  e q u i n e  r h i n o v i r u s e s  1 and 2 ,  and a  
c o l l e c t i o n  of i n s e c t  and  p l a n t  p i c o r n a v i r u s e s  have n o t  y e t  been a s s i g n e d  
g e n e r a .  
P i c o r n a v i r u s e s  r e p l i c a t e  i n  l i v i n g  c e l l s .  The m u l t i p l i c a t i o n  of 
p i c o r n a v i r u s e s  h a s  been e x c e p t i o n a l l y  w e l l - s t u d i e d  and  i s  t h e  s u b j e c t  o f  
many r e v i e w s  ( 2 6 ) .  Whether a p a r t i c u l a r  p i c o r n a v i r u s  can a t t a c h  t o  and  
m u l t i p l y  i n  a c e l l  i s  known a s  t r o p i s m .  Tropism i s , f o r  t h e  most p a r t ,  
d e t e r m i n e d  by t h e  p r e s e n c e  o r  absence  of a  c e l l - s p e c i f i c  r e c e p t o r  f o r  
t h e  v i r u s .  The s p e c i f i c  c e l l u l a r  r e c e p t o r  p l a y s  a n  i m p o r t a n t  e a r l y  r o l e  
i n  v i r a l  m u l t i p l i c a t i o n  a s  i t  ~ n i t i a t e s  t h e  p r o c e s s  o f  v i r a l  
e n d o c y t o s i s .  E n d o c y t o s i s  r e s u l t s  i n  t h e  d e l i v e r y  o f  t h e  v i r a l  genome 
i n t o  t h e  c e l l  c y t o p l a s m  where t r a n s c r i p t i o n ,  t r a n s l a t i o n ,  and 
r e p l i c a t i o n  o f  t h e  genome o c c u r s .  The v i r u s  s h u t s  down h o s t  p r o t e i n  
s y n t h e s i s  by  an a s  y e t  unknown mechanism a n d  produces  v i r a l  polysomes 
u s i n g  t h e  v i r u s  RNA, t h e  i n f e c t e d  c e l l ' s  r ibosomes and p r o t e i n  
s y n t h e s i z i n g  components.  T r a n s l a t i o n  of  t h e  p i c o r n a v i r a l  rnRNA y i e l d s  a  
l a r g e  p o l y p r o t e i n  which is c l e a v e d  t o  b o t h  s t r u c t u r a l  and n o n s t r u c t u r a l  
p r o t e i n s .  Three  n o n s t r u c t u r a l  p r o t e i n s  o f  v i r u s  o r i g i n  i n c l u d e ,  a  
p r o t e a s e  r e q u i r e d  f o r  c l e a v i n g  v i r a l  s t r u c t u r a l  p r o t e i n s  from a  
p r e c u r s o r ,  a  r e p l i c a s e  n e c e s s a r y  f o r  i n i t i a t i n g  RNA s y n t h e s i s  from t h e  
v i r a l  RNA, and an RNA polymerase  (second r e p l i c a s e )  r e q u i r e d  f o r  t h e  
t r a n s c r i p t i o n  of ( + ) M A  of t h e  v i r u s  t o  t h e  complimentary t e m p l a t e  
(-)RNA. E x t e n s i v e  t r a n s c r i p t i o n  of ( - ) R N A  l e a d s  t o  an e x p o n e n t i a l  r i s e  
i n  t h e  amount o f  genomic ( + ) R N A .  The e n t i r e  ( + ) R N A  cod ing  r e g i o n  i s  
t r a n s l a t e d  i n t o  a  p o l y p r o t e i n  which i s  c l e a v e d  s e v e r a l  t i m e s  b y  v i r a l  
p r o t e a s e s  t o  p roduce  v i r a l  s t r u c t u r a l  p e p t i d e s .  The accumula t ion  of  
s t r u c t u r a l  p o l y p e p t i d e s  i n i t i a t e s  a n  a u t o c a t a l y t i c  assembly of  
s t r u c t u r a l  p e p t i d e s  ( p r o t o m e r s )  t o  form capsomers and t h e n  t h e  e n t i r e  
v i r a l  c a p s i d .  I n s e r t i o n  o f  RNA o c c u r s  a t  a l a t e  s t a g e  of c a p s l d  
a s s e m b l y .  F i n a l l y ,  a  m a t u r a t i o n  c l e a v a g e  o f  one of  t h e  c a p s i d  p ro tomers  
( a  c l e a v a g e  of p r o t e i n  o u t s i d e  t h e  c e l l )  r e s u l t s  i n  t h e  i n f e c t i o u s  
v i r u s .  The v i r i o n s  a r e  r e l e a s e d  by i n f e c t i o n - m e d i a t e d  c e l l  l y s i s ,  
p r e s u m a b l y  by t h e  c e l l ' s  own lysosomes.  The t ime  r e q u i r e d  f o r  one 
c o m p l e t e  c y c l e  of r e p l i c a t i o n  depends on t h e  s p e c i f i c  p i c o r n a v l r u s ,  t h e  
h o s t  c e l l ,  and t h e  multiplicity of  infection ( M O I ) .  The t i m e  required 
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f o r  p o l i o v i r u s  t o  r e p l i c a t e  as de t e rmined  from one s t e p  growth c u r v e s  i s  
3 . 0  h  ( 2 4 1 ,  and f o r  C 8 3  7 t o  8 h ( C o l l i n  Teugh, unpubl i shed  d a t a )  . 
Soon a f t e r  p i c o r n a v i r a l  i n f e c t i o n  t h e  r a t e  of  c e l l u l a r  RNA 
s y n t h e s i s  b e g i n s  t o  d e c r e a s e .  S h o r t l y  t h e r e a f t e r  t h e  r a t e  of c e l l  
s p e c i f i c  p r o t e i n  s y n t h e s i s  d e c l i n e s  and s t o p s  a l t o g e t h e r .  These 
p r o c e s s e s  have mechanisms which a r e  a s  y e t  n o t  unde r s tood .  P i c o r n a v i r u s  
i n f e c t i o n  a d v e r s e l y  a f f e c t s  t h e  c e l l  morphology, macromolecular  
s y n t h e s i s ,  and c a u s e s  s e v e r a l  s p e c i f i c  c y t o p a t h i c  e f f e c t s  (CPE). 
Nuc l ea r  m a t e r i a l  l o s e s  i t s  normal ly  homogeneous mic ro scop i c  form and  
c o l l e c t s  a l o n g  t h e  i n s i d e  of t h e  n u c l e a r  membrane, t h i s  p r o c e s s ,  known 
s p e c i f i c a l l y  a s  ma rg ina t i on  of chromat in ,  i s  ve ry  appa ren t  a t  2 h  p o s t  
i n f e c t i o n  ( 2 7 ) -  Two t o  t h r e e  hours  p o s t - i n f e c t i o n ,  v e s i c l e s  appea r  i n  
t h e  cy top lasm,  n e a r  t h e  n u c l e a r  enve lope ,  and s p r e a d  outward t h rough  t h e  
cy top l a sm ( 2 8 ) .  I n  t h e  l a t e  s t a g e s  of i n f e c t i o n  i n i t i a t e d  by 
c o x s a c k i e v i r u s e s ,  t h e  c e l l  membrane r u p t u r e s  o r  d i s s o l v e s  a t  hundreds  of 
s i t e s  b e f o r e  t o t a l  d i s s o l u t i o n  of t h e  c e l l  ( 2 9 ) .  C e l l  l y s i s  i s  t h e  l a s t  
of t h e  t y p i c a l  c e l l  c u l t u r e  CPE by any o f  t h e  p i c o r n a v i r u s e s .  
C e l l u l a r  r e c e p t o r s  f o r  v i r u s e s  have been of g r e a t  i n t e r e s t  
b e c a u s e  of  t h e i r  r e l a t i o n s h i p  t o  t r op i sm .  Recen t l y ,  t h e  human 
r h i n o v i r u s  and  t h e  p o l i o v i r u s  r e c e p t o r  molecu les  have been i d e n t i f i e d  
( 3 0 , 3 1 ) .  Using c r i t e r i a  of s p e c i f i c  b i n d i n g  of a  p u r i f i e d  c e l l u l a r  
r e c e p t o r  f o r  a  v i r u s  and,  a l s o ,  t h e  p r o c e s s  of t r a n s f e c t i o n  which can  
c o n f e r  v i r u s  b i n d i n g  t o  a c e l l  which normal ly  would no t  b i n d  v i r u s ,  t h e  
r e c e p t o r  f o r  t h e  major  g roup  of human r h i n o v i r u s e s  and f o r  p o l i o v i r u s  
t y p e  1 were i d e n t i f i e d  (30,31). Both r e c e p t o r s  a r e  members of t h e  
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immunoglobin  s u p e r  f a m i l y ,  which i n c l u d e s  CD4 t h e  r e c e p t o r  f o r  H I V  a n d  
I n t r a c e l l u l a r  Adhes ion  M o l e c u l e ,  1 (ICAM 1) ( 3 2 ) .  The r e c e p t o r  f o r  
r h i n o v i r u s e s  i s  t h e  same m o l e c u l e  which b i n d s  t o  t h e  lymphocy te  i n t e g r i n  
LFA-1. LFA-1 i s  a  c e l l  s u r f a c e  lymphocy te  f u n c t i o n - a s s o c i a t e d  a n t i g e n  
( 3 3 ) .  LFA-1 p l a y s  a n  i m p o r t a n t  r o l e  i n  immunolog ica l  i n f l a m m a t o r y  
f u n c t i o n s  ( 3 3 ) .  The p o l i o v i r u s  r e c e p t o r  m o l e c u l e  (PRM)  d o e s  n o t  h a v e  a  
known c e l l u l a r  f u n c t i o n .  
D u r i n g  t h e  s t u d i e s  t o  e s t a b l i s h  r e c e p t o r  g r o u p i n g s  o f  v i r u s e s  a n d  
t o  i d e n t i f y  t h e  r e c e p t o r  m o l e c u l e s ,  r e l a t i v e l y  l a r g e  amounts of  many 
p u r i f i e d  v i r u s e s  were  r e q u i r e d  ( 3 4 ) .  An e f f i c i e n t  p u r i f i c a t i o n  
p r o c e d u r e  was r e q u i r e d  t o  o b t a i n  e a c h  o f  t h e s e  v i r u s e s .  Remarkably t h e  
8 9  g r o u p e d  r h i n o v i r u s e s  h a v e  o n l y  two r e c e p t o r  t y p e s ,  t h e  m a j o r  
r h i n o v i r u s  g r o u p ,  e n c o m p a s s i n g  some 79  v i r u s e s ,  was found  t o  b i n d  t o  
ICAM-1. The m i n o r  g r o u p  of  10 v i r u s e s  a n d  s e v e r a l  u n r e l a t e d  t o  human 
r h i n o v i r u s e s  w e r e  f o u n d  t o  b i n d  t o  a n o t h e r  p r o t e i n  u n r e l a t e d  t o  ICAM-1. 
The p u r i f i c a t i o n  o f  a  HeLa c e l l  r e c e p t o r  f o r  CB3 was d e s c r i b e d  by 
Mapo les  e t  a l .  ( 3 5 ) .  T h i s  r e c e p t o r ,  Rp-a, was f o u n d  i n  a v i r u s  r e c e p t o r  
complex  (VRC) e x t r a c t a b l e  f rom c e l l s  u s i n g  d e t e r g e n t s .  The i n i t i a l  
s t u d i e s  c o n c e r n e d  w i t h  t h e  c e l l u l a r  m o l e c u l e s  r e s p o n s i b l e  f o r  t r o p i s m  of 
CB3 w e r e  n o t  s u p p o r t i v e  of  v i r u s  b i n d i n g  t o  c e l l s  t h r o u g h  a member o f  
t h e  immune f a m i l y  s u p e r  g r o u p .  The Rp-a r e c e p t o r  i s  composed o f  
g l y c o p r o t e i n s  which may fo rm a  p e n t a m e r i c  c e l l  membrane p o r e  t h a t  is 
c o m p l i m e n t a r y  t o  t h e  p o s t u l a t e d  c i r c u l a r  canyon on t h e  C B 3  v i r i o n  ( 3 6 ) .  
T h i s  c o n t r a s t s  d i r e c t l y  w i t h  t h e  immune f a m i l y  s u p e r  g r o u p  r e c e p t o r s  
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which p r o t r u d e  f r o m  t h e  s u r f a c e  o f  t h e  c e l l  membrane a n d  c o n t a i n  s e v e r a l  
e x t e r n a l  domains  ( 3 2 )  . 
Again,  l a r g e  amounts o f  p u r i f i e d  C B 3  w e r e  r e q u i r e d  t o  i d e n t i f y  t h e  
r e c e p t o r  a n d  a f f e c t  i t s  p u r i f i c a t i o n .  The s t u d y  b y  Mapoles  which u s e d  
l o 8  c e l l s ,  e a c h  c e l l  c o n t a i n i n g  o v e r  l o 5  r e c e p t o r s ,  p u r i f i c a t i o n  
r e q u i r e d  i n i t i a l l y  lo1' t o  1 0 1 3  v i r u s  p a r t i c l e s  t o  s a t u r a t e  t h e  ce l l  
r e c e p t o r  p o p u l a t i o n .  S i n c e  a p p r o x i m a t e l y  100 v i r i o n s  emanate  f rom e a c h  
i n f e c t e d  c e l l  i n  t h e  s y s t e m  d e s c r i b e d  by t h e  a u t h o r s ,  1010 t o  lo1'  c e l l s  
w e r e  r e q u i r e d  t o  o b t a i n  s u f f i c i e n t  v i r u s .  
A g o a l  of  t h e  v i r u s  l a b o r a t o r y  a t  t h e  U n i v e r s i t y  of  O s t e o p a t h i c  
M e d i c i n e  a n d  H e a l t h  S c i e n c e s  h a s  been t h e  i d e n t i f i c a t i o n  o f  t h e  s i m i a n  
ce l l  r e c e p t o r  f o r  C B 3 .  I t  was n e c e s s a r y  t o  d e v e l o p  e f f i c i e n t  means f o r  
h o s t  c e l l  p r o d u c t i o n ,  v i r u s  p r o d u c t i o n  a n d  p u r i f i c a t i o n  of  t h e  CB3 v i r u s  
f rom s i m i a n  c e l l s .  T h i s  r e p o r t  i s  c o n c e r n e d  w i t h  t h e  p u r i f i c a t i o n  of 
CB3 p r o d u c e d  i n  a  s i m i a n  c e l l  l i n e ,  BGM. 
LITERATURE SURVEY 
Differing techniques for purifying, in large amounts, 
picornaviruses appropriate for the study of the virus-cell interactions 
and virus structural polypeptides were the focus of review for the 
compilation of this literature survey. Most of the methods for viral 
production and purification have been very commonly used for members of 
many families of viruses. An example of a hypothetical but common 
method for the purification of a nonenveloped virus follows. Cells 
infected by a virus are frozen and thawed one or more times to release 
most of the virus from cellular debris. The cellular debris is pelleted 
by centrifugation at approximately 10,000 xg, the supernatant is saved 
and the pellet is resuspended in a small amount of a buffer and 
sonicated. This resuspended-sonicated mixture is centrifuged again 
(10,000 xg) and all the supernatants are combined. The vlrus in this 
fraction, which is often referred to as clarified cell lysate, is then 
pelleted by centrifugation (approximately 150,000 xq) . The supernatant 
is discarded and the pellet is resuspended in a small amount of a 
buffer. The viral suspension is then banded by isopycnic 
centrifugation. Note that several techniques and medias may be 
employed in this centrifugation. Following location of the infectious 
virus, the last step of many purificati~ns is a rate zonal 
centrifugation through sucrose, glycerol, or ficoll gradients. 
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Crude  v i r a l  l y s a t e  t a k e n  t h r o u g h  t h e s e  s t e p s  have o f t e n  r e s u l t e d  
i n  h i g h l y  p u r i f i e d ,  n e a r l y  homogeneous v i r u s  p r e p a r a t i o n s .  
U n f o r t u n a t e l y ,  n o t  a l l  v i r u s e s  conform t o  t h i s  c a s c a d e  of  s t e p s  and 
o f t e n  c h a n g i n g  t h e  c e l l  h o s t  f o r  t h e  v i r u s ,  t h e  s t r a i n  o f  t h e  v i r u s  
u s e d ,  o r  o t h e r  c u l t u r a l  p a r a m e t e r s  r e q u i r e s  a n  e n t i r e l y  new p r o c e d u r e  t o  
b e  d e v e l o p e d  f o r  t h e  v i r u s  p u r i f i c a t i o n .  When p u r i t y  and  h i g h  t i t e r  o f  
a  p a r t i c u l a r  v i r u s  i s  needed ,  r e s e a r c h e r s  must  o f t e n  a d a p t  o r  d e v e l o p  a  
new p r o c e d u r e  s p e c i f i c  f o r  t h e  v i r u s  i n  q u e s t i o n .  The f o l l o w i n g  s e c t i o n  
i n c l u d e s  p r o c e d u r e s  and  a n a l y s e s  of  s e v e r a l  p u b l i s h e d  t e c h n i q u e s  used  t o  
o b t a i n  h i g h l y  p u r i f i e d  p i c o r n a v i r a l  p r e p a r a t i o n s .  
C r o w e l l  a n d  P h i l i p s o n  ( 3 7 )  used  s u s p e n s i o n  c u l t u r e s  of  HeLa c e l l s  
t o  grow CB3 s t r a i n  Nancy and P o l i o v i r u s  t y p e  1 (PV1) .  The c e l l s  a t  n e a r  
maximum d e n s i t y  were h a r v e s t e d ,  concen t  r a t e d  by c e n t r i f u g a t i o n ,  and 
r e s u s p e n d e d  i n  a  low i o n i c  s t r e n g t h  n e u t r a l  pH b u f f e r .  V i r u s  was added  
t o  t h e  c e l l s  a t  M O I 1 s  o f  10 t o  50 and t h e  m i x t u r e  i n c u b a t e d  f o r  1 h  a t  
37 C  w i t h  s t i r r i n g  t o  a f f e c t  a d s o r p t i o n .  A f t e r  an  a d d i t i o n a l  8 h  of 
i n c u b a t i o n ,  t h e  c e l l s  were h a r v e s t e d  by c e n t r i f u g a t i o n ,  washed o n c e ,  
r e s e d i m e n t e d ,  a n d  r e s u s p e n d e d  i n  t h e  same b u f f e r .  The v i r u s  (C93 o r  
PV1) was r e l e a s e d  f rom t h e  HeLa c e l l s  by t h r e e  c y c l e s  of  f r e e z i n g  a t  
-20 C  and t h a w i n g .  The c e l l  d e b r i s  was removed by c e n t r i f u g a t i o n .  The 
v i r u s  i n  t h e  s u p e r n a t a n t  f r a c t i o n  was p u r i f i e d  by o v e r l a y i n g  t h e  
r e l e a s e d  v i r u s ,  f r e e  of p a r t i c u l a t e  c e l l  d e b r i s ,  o n t o  c u s h i o n s  of  ~ s C l  
a t  a  d e n s i t y  o f  1 . 4 0  g / m l  i n  centrifugation t u b e s .  C e n t r i f u g a t i o n  was 
f o r  3 h  a t  38 ,000  rpm i n  a  Beckman SW-41 swing ing  b u c k e t  r o t o r .   he 
v i r u s  was c o l l e c t e d  i n  a  s i n g l e  f r a c t i o n  by bo t tom p u n c t u r e  of  t h e  
centrifuge tube. The virus rich fractions from several such 
centrifugations were pooled, dialyzed and again centrifuged (10,000 xg 
for 15 min) to remove coarse particle aggregates. Solid CsCl was added 
to the virus fractions. The virus-Cs~1 suspension was centrifuged for 
16 h at 38,000 rpm in the SW-41 to achieve equilibrium. The bottom of 
the tube was punctured and 2-3 drop fractions were collected, diluted 
with buffer, and assayed for infectivity. The peak fractions of virus 
infectivity were pooled, dialyzed and frozen in liquid nitrogen. This 
purified virus was then used to study its attachment to the HeLa cell 
membranes. The procedures reported by Crowell required titers of 
approximately 8 x 1 0 ~  viruses/ml, with a range of MOIts of 18 to 200 used 
in adsorption experiments. Total yields of virus and the number of 
viruses on a per cell basis were not reported. The virus preparations 
were over 90% homogeneous based upon SDS polyacrylamide 
electropherograms. 
Using rhinovirus purified by isopycnic methods in metrizamide, 
Abraham and Colonno reported the differentiation and categorization of 
cellular receptors for 24 different  hin no virus serotypes (34). The 
rhinoviruses were grown by infecting HeLa R-19 cells with an MOI of 1 
 cell in 75 cm2 T-flasks. The infected cell cultures were incubated 
approximately 20 h at 34 C and harvested when the cells had detached 
from the flask surface. The cell suspension in growth media was freeze- 
thawed to release virus particles from the cells. The suspension was 
then clarified by centrifugation at 4,000 xg for 5 min. polyethylene 
glycol 6,000 and NaCl were added to the supernatant at final 
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c o n c e n t r a t i o n s  of 7 and 2 . 2 %  r e s p e c t i v e l y .  The m i x t u r e  was s t i r r e d  f o r  
u p  t o  16 h  a t  4 C and t h e  p r e c i p i t a t e d  v i r u s  was r e c o v e r e d  by 
c e n t r i f u g a t i o n .  The p e l l e t s  were resuspended  i n  a l o w  i o n i c  s t r e n g t h  
p h o s p h a t e  b u f f e r .  Sodium deoxycho l a t e  and nonide t  p-40 were added a t  
0 . 3  and  0 . 6 %  r e s p e c t i v e l y  and t h e  m i x t u r e  was i n c u b a t e d  a t  4 C f o r  30 
min .  The s u s p e n s i o n  was c l a r i f i e d  by c e n t r i f u g a t i o n  and t h e  s u p e r n a t a n t  
f r a c t i o n  c o n t a i n i n g  t h e  v i r u s  was l a y e r e d  over  a  5 m l  l i n e a r  i s o p y c n i c  
d e n s i t y  g r a d i e n t  of 40 t o  60% { w t / v o l )  metr izamide i n  a  b u f f e r .  
I s o p y c n i c  banding  of t h e  v i r u s  was ach i eved  by c e n t r i f u g a t i o n  f o r  2 4  h  
a t  150,000 ' x g .  The v i r a l  bands,  which were opaque, were h a r v e s t e d  
v i s u a l l y  by a s p i r a t i o n .  T h e  f r a c t i o n s  c o n t a i n i n g  v i r u s  w e r e  d i l u t e d  and 
p e l l e t e d  by c e n t r i f u g a t i o n .  The p e l l e t s  were su spended  i n  sma l l  volumes 
of phospha t e  b u f f e r  and s t o r e d  a t  -70 C .  The i s o p y c n i c a l l y  banded 
v i r u s  was r e p o r t e d  a s  b e i n g  e s s e n t i a l l y  homogeneous a n d  was used f o r  
s t u d y i n g  b i n d i n g  t o  h o s t  c e l l s .  Three r h i n o v i r u s  s e r o t y p e s  p u r i f i e d  i n  
t h i s  manner had i n f e c t i v i t y  t o  p a r t i c l e  r a t i o s  ( s p e c i f i c  i n f e c t i v i t y )  
more t h a n  20 t i m e s  h i g h e r  t h a n  p r e v i o u s  measurements de t e rmined  wi th  
v i r u s e s  p u r i f i e d  i n  CsCl d e n s i t y  g r a d i e n t s .  The a u t h o r s  a t t r i b u t e d  t h i s  
f i n d i n g  t o  t h e  known b i n d i n g  of ces ium c h l o r i d e  t o  v i r u s e s ,  a  r e a c t i o n  
t h a t  i s  known t o  a l t e r  t h e  s t r u c t u r a l  i n t e g r i t y  of  t h e  v i r i o n s  and 
i n a c t i v a t e  some v i r u s e s  ( 3 8 ) .  I t  was s t a t e d  by t h e  a u t h o r s  t h a t  
whe ther  met r izamide  o r  suc ro se  was used t o  p u r i f y  t h e  v i r u s e s ,  t h e  same 
h i g h l y  p u r i f i e d  v i r u s  was ob t a ined ,  however, t h e  d a t a  f o r  t h e  
p r e p a r a t i o n s  by s u c r o s e  g r a d i e n t s  were no t  ~ r e s e n t e d .  
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Mapoles  e t  d l .  p u r i f i e d  a  HeLa c e l l  r e c e p t o r  p r o t e i n  f o r  g r o u p  B 
C o x s a c k i e v i r u s e s  (35). V i r u s e s  w e r e  grown i n  B u f f a l o  g r e e n  monkey (BGM) 
k i d n e y  c e l l s  u s i n g  a  MOI o f  1 0 .  A f t e r  i n o c u l a t i o n ,  t h e  c e l l s  were 
i n c u b a t e d  f o r  I h a t  room t e m p e r a t u r e ,  o v e r l a i d  wi th  medium, and 
r e i n c u b a t e d  f o r  7-9 h .  The c e l l s  w e r e  removed from t h e  g l a s s  b o t t l e s  by  
s c r a p i n g  w i t h  a r u b b e r  pol iceman a n d  c o l l e c t e d  by c e n t r i f u g a t i o n .  The 
c e l l s  w e r e  r e s u s p e n d e d  i n  a b u f f e r  and f reeze - thawed  t h r e e  t i m e s  t o  
r e l e a s e  v i r u s .  The c e l l - v i r u s  s u s p e n s i o n  was c l a r i f i e d  by  
c e n t r i f u g a t i o n  a t  10,000 xg f o r  10  min.  Sodium dodecy l  s u l f a t e  was 
a d d e d  t o  a  f i n a l  c o n c e n t r a t i o n  o f  1% w/v and t h e  v i r u s  was p e l l e t e d  by 
c e n t r i f u g a t i o n  a t  100,000 xg a t  18  C  f o r  4 h  t h r o u g h  a  30% c u s h i o n  of  
s u c r o s e .  The v i r u s  p e l l e t s  were suspended  i n  0 . 5  m l  of  a  b u f f e r ,  
d i l u t e d  t o  5 . 0  m l  w i t h  3 2 . 5 %  w/v CsC1, and  c e n t r i f u g e d  t o  e q u i l i b r i u m  
f o r  1 8  h  a t  40,000 rpm i n  a  Beckman S W  5 0 . 1  r o t o r  a t  4 C .  T h e  g r a d i e n t s  
w e r e  c o l l e c t e d  by  b o t t o m  p u n c t u r e  of t h e  c e n t r i f u g e  t u b e ,  p e a k  f r a c t i o n s  
o f  i n f e c t i v i t y  were p o o l e d ,  and d i a l y z e d  t o  remove t h e  c e s i u m  c h l o r i d e .  
A l l  v i r u s  p r e p a r a t i o n s  were s t o r e d  i n  a  vapor  phase  of  a  l i q u i d  n i t r o g e n  
r e f r i g e r a t o r .  V i r u s  p r e p a r e d  i n  t h i s  way was u s e d  f o r  r e c e p t o r  
e x p e r i m e n t s ,  and  t h e  p u r i f i c a t i o n  and i d e n t i f i c a t i o n  of  t h e  c e l l  
r e c e p t o r  complex.  The f i n a l  c o n c e n t r a t i o n  of v i r u s  r e p o r t e d  i n  t h i s  
a r t i c l e  was a p p r o x i m a t e l y  1 0 0  micrograms/ml .  Based on t h e  vo lumes  
r e c o v e r e d  a n d  t h e  v i r u s  t i t e r ,  7.7x1011 PFU/ml was t h e  c a l c u l a t e d  
r e c o v e r y  f rom t h e  g r a d i e n t s .  No v i r u s  y i e l d  d a t a  o r  t h e  numbers  of  
v i r u s e s  p e r  c e l l  were r e p o r t e d  by C r o w e l l .  The p u r i t y  o f  t h e  v i r u s  was 
h i g h ,  e x c e e d i n g  90%, based  upon a u t o r a d i o g r a m s  i n  which t h e  v i r a l  c a p s i d  
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p e p t i d e s  w e r e  s e e n  a s  t h e  mos t  a b u n d a n t  componen t s .  C r o w e l l  r e p o r t e d  
t h a t  t h e r e  was c o p u r i f i c a t i o n  o f  some c e l l u l a r  m a t e r i a l .  The e f f e c t  o f  
t h e  c e l l u l a r  m a t e r i a l  on t h e  r e s u l t s  o f  t h e i r  e x p e r i m e n t s  was n o t  
d i s c u s s e d .  
The  s y n t h e s i s  a n d  s t r u c t u r e  o f  t h e  c a p s i d  p o l y p e p t i d e s  o f  t h e  6 
g r o u p  B c o x s a c k i e v i r u s e s  w e r e  compared i n  a r e p o r t  by  C h a t t e r j e e  a n d  
Tuchowsk i  ( 3 9 ) .  Each  v i r u s  t y p e  h a d  t o  b e  p u r i f i e d  t o  n e a r  homogene i ty .  
The 6  g r o u p  5 c o x s a c k i e v i r u s e s  were grown i n  s u s p e n s i o n  c u l t u r e s  o f  Hela  
S - 3  c e l l s  a t  37 C .  H e l a  c e l l s  w e r e  c o n c e n t r a t e d  a n d  i n f e c t e d  w i t h  5-20 
p l a q u e  f o r m i n g  u n i t s  p e r  c e l l  a n d  i n c u b a t e d  a t  37 C f o r  45-60 min .  
F o l l o w i n g  a d s o r p t i o n  t h e  c e l l s  w e r e  p e l l e t e d  by  c e n t r i f u g a t i o n ,  
r e s u s p e n d e d  i n  g r o w t h  medium a n d  t h e  i n c u b a t i o n  c o n t i n u e d .  A f t e r  20 
h o u r s  o f  i n c u b a t i o n ,  when 60-80% o f  t h e  c e l l s  e x h i b i t e d  c y t o p a t h i c  
e f f e c t s ,  t h e  c u l t u r e s  w e r e  h a r v e s t e d .  H a r v e s t i n g  a n d  p u r i f y i n g  c e l l s  a t  
8 h  p o s t  i n f e c t i o n  a l s o  p r o d u c e d  m a t u r e  v i r i o n s ,  however ,  t h e  a u t h o r s  
f o u n d  a  2 0  h i n c u b a t i o n  p r o v i d e d  a  h i g h e r  y i e l d .  The i n f e c t e d  c e l l  
s u s p e n s i o n s  w e r e  f r o z e n  a n d  thawed t h r e e  t i m e s  a n d  c e n t r i f u g e d  a t  
2 , 0 0 0  x g  f o r  10 m i n .  Each  c e l l  p e l l e t  was r e s u s p e n d e d  i n  a  s m a l l  volume 
o f  a b u f f e r  a n d  s o n i c a t e d  f o r  3,  1 5  s e c o n d  b u r s t s .  The c e l l  d e b r i s  was 
removed b y  c e n t r i f u g a t i o n .  The s u p e r n a t a n t s  were p o o l e d  a n d  t h e  v i r u s  
i n  t h i s  f r a c t i o n  w a s  p e l l e t e d  by  c e n t r i f u g a t i o n  a t  150 ,000  xg  i n  a  
Spinto 6 0 T i  r o t o r .  The r e s u l t i n g  p e l l e t s  w e r e  r e s u s p e n d e d  i n  4-6 r n l  o f  
a  n e u t r a l  p H  b u f f e r  c o n t a i n i n g  0 . 5 %  N o n i d e t  P40 a n d  i n c u b a t e d  a t  4 C f o r  
1 6  h  t o  a f f e c t  t h e  c o m p l e t e  d i s s o l u t i o n  o f  t h e  v i r a l  a g g r e g a t e s .    he 
v i r u s  s u s p e n s i o n  was c l a r i f i e d  by  low s p e e d  c e n t r i f u g a t i o n  a n d  l a y e r e d  
o v e r  a n  8ml l i n e a r  CsCl  d e n s i t y  g r a d i e n t s .  The g r a d i e n t s  w e r e  
c e n t r i f u g e d  a t  3 8 , 0 0 0  rpm f o r  3  h  a t  8 C  i n  a  S p i n c o  SW 4 1  r o t o r .  The 
v i r u s  i n  t h e s e  i s o p y c n i c  g r a d i e n t s  w a s  c o l l e c t e d  f rom t h e  b o t t o m  o f  t h e  
t u b e  a n d  a s s a y e d  f o r  r a d i o a c t i v i t y  a n d  i n f e c t i v i t y .  Peak  f r a c t i o n s  w e r e  
pooled a n d  d i a l y z e d  i n  a  p h o s p h a t e  b u f f e r ,  p H  7 .0 ,  f o r  1 6  h  a t  4 C. The 
d i a l y z e d  v i r u s  s u s p e n s i o n  was d i l u t e d  t o  1 0 . 5  ml w i t h  a b u f f e r  
c o n t a i n i n g  0 . 5 %  N o n i d e t  P40 a n d  4 . 5 0 5  grams o f  s o l i d  CsC1. T h i s  m i x t u r e  
w h i c h  was a t  a n  i n i t i a l  d e n s i t y  o f  1 . 3 2 4  g /ml  was c e n t r i f u g e d  t o  
e q u i l i b r i u m  a t  3 8 , 0 0 0  rpm a t  8  C f o r  1 8  h .  F r a c t i o n s  w e r e  c o l l e c t e d  a n d  
t h e  r a d i o a c t i v i t y ,  a b s o r b a n c e  260 nrn a n d  280 nm, and r e f r a c t i v e  i n d e x  
f o r  e a c h  f r a c t i o n  were  d e t e r m i n e d .  T h e  peak  f r a c t i o n s ,  b a s e d  on t h e  
p r e v i o u s  measu remen t s ,  w e r e  d i a l y z e d  as  b e f o r e  a n d  s t o r e d  i n  t h e  v a p o r  
p h a s e  o f  a  l i q u i d  n i t r o g e n  f r e e z e r .  The v i r u s  p u r i f i e d  b y  t h i s  d o u b l e  
i s o p y c n i c  c e s i u m  c h l o r i d e  method was found  t o  b e  a d e q u a t e l y  p u r i f i e d  f o r  
t h e  s t u d y  o f  c a p s i d  p o l y p e p t i d e s .  T h i s  p u r i f i c a t i o n  was r e p o r t e d  t o  
y i e l d  1 - 3 x 1 0 ~ ~  ~ F U / r n l .  The v i r u s / c e l l  y i e l d  c o u l d  b e  c a l c u l a t e d  f rom 
t h e  d a t a  a n d  was a p p r o x i m a t e l y  308 v i r u s e s / c e l l ,  b a s e d  on a n  a v e r a g e  o f  
6 . 5 ~ 1 0 ~  c e l l s  i n f e c t e d  a n d  a  y i e l d  o f  2 x 1 0 ~ ~  v i r u s e s .  The p u r i t y  o f  t h e  
v i r u s  was g r e a t e r  t h a n  95% b a s e d  upon  p u b l i s h e d  a u t o r a d ~ o g r a m s  and  
d e n s i t o r n e r i c  t r a c i n g s .  
The a d v a n t a g e  of  one  v i r u s  p u r i f i c a t i o n  t e c h n i q u e  o v e r  a n o t h e r  
d e p e n d s  o n  t h e  y i e l d  of  v i r u s  and  t h e  d e g r e e  o f  p u r i t y .  ~ l l  f o u r  
m e t h o d s  s e l e c t e d  f o r  d i s c u s s i o n  h e r e  y i e l d e d  p i c o r n a v i r u s e s  i n  amounts  
n e c e s s a r y  f o r  t h e  c o m p l e t i o n  of t h e  e x p e r i m e n t s  and  i n  a d e q u a r e  p u r i t y .  
The m e t h o d s  p r e s e n t e d  a r e  t y p i c a l  o f  many such  p u r l £  i c a t i o n s  a n d  
r e p r e s e n t  t h e  b e s t  o f  t h e  p rocedu re s  a v a i l a b l e  f o r  p i c o r n a v i r u s  
p u r i f i c a t i o n .  They d i f f e r  no t  i n  g e n e r a l  s t r a t e g y  o r  p rocedure  bu t  i n  a  
number of d e t a i l s  depending upon t h e  t y p e  of cell, t h e  c u l t u r e  medium, 
t h e  t y p e  of  p i c o r n a v i r u s ,  t h e  e x t e n t  of c e l l  l y s i s  r e q u i r e d  f o r  maximum 
y i e l d ,  t h e  u s e  of  met r iaamide  o r  ces ium c h l o r i d e  i n  i s o p y c n i c  g r a d i e n t s ,  
t h e  u s e  o f  d e t e r g e n t s  i n  t h e  d i s s o l u t i o n  o f  v i r u s  f rom c e l l  d e b r i s ,  and 
o t h e r  f a c t o r s  n o t  t h e  l e a s t  of  which i s  t h e  a d a p t a t i o n  of t h e  l a b o r a t o r y  
s t r a i n  of  v i r u s  t o  t h e  ce l l  chosen a s  t h e  h o s t .  With one p i c o r n a v i r u s  
g roup ,  t h e  Rh inov i ru se s ,  y i e l d s  which were 20- fo ld  g r e a t e r  t h a n  r e p o r t e d  
by o t h e r  r e s e a r c h e r s ,  were o b t a i n e d  by changing  t h e  i sopycn i c  g r a d i e n t  
m a t e r i a l  f rom t h e  t y p i c a l  cesium c h l o r i d e  t o  rnetr izamide ( 3 4 ) .   his and 
o t h e r  r e p o r t s  s u g g e s t  t h a t  improvements i n  t e c h n i q u e s  cou ld  y i e l d  v i r u s  
p r e p a r a t i o n s  of b o t h  b e t t e r  p u r i t y  and h i g h e r  s p e c i f i c  i n f e c t i v i t y .  
MATERIALS AND METHODS 
Cells 
B u f f a l o  Green Monkey (BGM) c e l l s  w e r e  o b t a i n e d  f rom W h i t t a k e r  MA 
B i o p r o d u c t s .  A f r i c a n  Green Monkey (VERO) cel ls  were o b t a i n e d  a s  a  s e e d  
c u l t u r e  f rom t h e  American Type c u l t u r e  c o l l e c t i o n  (ATCC CCL 81). C e l l s  
were  grown i n  D u l b e c c o ' s  m o d i f i e d  E a g l e ' s  medium (DMEM) (Sigma) w i t h  5% 
newborn c a l f  se rum (NBCS) (S igma) .  The c e l l s  w e r e  grown i n  a  5 %  C02 
h u m i d i f i e d  i n c u b a t o r  a t  37 d e g r e e s  C e l s i u s .  Both c e l l  l i n e s  were 
c o n t i n u o u s l y  p r o p a g a t e d  d u r i n g  t h e s e  s t u d i e s  f o r  50-60 p a s s a g e s .  
V i r u s e s  
C o x s a c k i e  B3 (CB3) Nancy was o b t a i n e d  from t h e  American Type 
C u l t u r e  C o l l e c t i o n  (ATCC VR-30). I n  o r d e r  t o  produce l a r g e  amounts of 
CB3, v i r u s  p r o p a g a t i o n  was performed by i n f e c t i n g  c o n f l u e n t  BGM 
c u l t u r e s  i n  g l a s s  r o l l e r  b o t t l e s .  The b o t t l e s  c o n t a i n e d  a p p r o x i m a t e l y  
1 . 5 ~ 1 0 ~  BGM c e l l s  a n d  w e r e  i n f e c t e d  w i t h  CB3 a t  a  m u l t i p l i c i t y  o f  
i n f e c t i o n  ( M O I )  o f  0 . 0 1 - 0 . 1 .  V i r u s  was h a r v e s t e d  30 t o  4 8  h o u r s  p o s t  
i n f e c t i o n  when t h e  c e l l  s h e e t s  and i n d i v i d u a l  c e l l s  became p y c n o t i c  o r  
h a d  l y s e d .  
Radiolabeled C B 3  
R a d i o a c t i v e  35-S met h i o n i n e  (NEG-009H, New England N u c l e a r )  was 
u s e d  t o  l a b e l  CB3. Two c o n f l u e n t  T-150 f l a s k s  of BGM c e l l s  were washed 
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t w i c e  w i t h  se rum a n d  m e t h i o n i n e  f r e e  DMEM a n d  t h e n  i n c u b a t e d  a t  37 C f o r  
1 h r  i n  s e r u m  a n d  m e t h i o n i n e  f r e e  DMEM. The media was d e c a n t e d  and 
7 . 0  m l  of DMEM s e r u m  and  m e t h i o n i n e - f r e e  media c o n t a i n i n g  0 .01% NBCS and 
"35-5" m e t h i o n i n e ,  (L-[35-Sl-Methionine 3 7 . 0  MBq, 10-15 m i c r o c u r r i e s / m l )  
was added t o  e a c h  f l a s k .  CB3 was t h e n  added  a t  a  MOT of  0 .02  and 
i n c u b a t i o n  was c o n t i n u e d  u n t i l  a l l  t h e  c e l l s  d e t a c h e d ,  became p y c n o t i c ,  
o r  had  l y s e d .  The l y s a t e  was f r o z e n  and  thawed t h r e e  t i m e s  and  
c l a r i f i e d  by  c e n t r i f u g a t i o n  a t  5 ,000  xg f o r  1 5  min a t  4 C .  The 
s u p e r n a t a n t  c o n t a i n i n g  r a d i o a c t i v e  v i r u s  was c o n c e n t r a t e d  by (NH4)2S04 
p r e c i p i t a t i o n .  Room t e m p e r a t u r e  s a t u r a t e d  ( N H 4 )  2SOq i n  0.01M Tris-HCL, 
p H  7 .4  was added  t o  t h e  CB3 l y s a t e  on a  volume f o r  volume b a s i s .  The 
m i x t u r e  was i n c u b a t e d  on i c e  f o r  two h o u r s  and t h e  i n s o l u b l e  m a t e r i a l  
c o l l e c t e d  by  c e n t r i f u g a t i o n  (10,000 xg, 30 rnin, 4 C )  . The precipitate 
was d i s s o l v e d  i n  1 . 4  m l  of DMEM ( 1 / 1 0  t h e  o r i g i n a l  volume) a n d  d i a l y z e d  
a g a i n s t  200 volumes o f  DMEM. The d i a l y s a t e  was a d j u s t e d  t o  1% NBCS and 
s t o r e d ,  i f  n e c e s s a r y ,  a t  -20 C .  The c o n c e n t r a t e d  v i r u s  p r e p a r a t i o n  was 
p u r i f i e d  b y  r a t e  z o n a l  c e n t r i f u g a t i o n  t h r o u g h  10 t o  30% l i n e a r  s u c r o s e  
g r a d i e n t s  i n  0 . 0 1  M Tris-HC1 pH 7 . 4 .  The f r a c t i o n s  c o n t a i n i n g  peak 
amounts  o f  i n f e c t i v i t y  were poo led  and d i a l y z e d  a g a i n s t  100 volumes of  
DMEM. T h e  s p e c i f i c  a c t i v i t y  of t h e  v i r u s  p r e p a r e d  t h i s  way was 100-300 
pfu/cprn a n d  t h e  v i r u s  was g r e a t e r  t h a n  90% p u r e  b a s e d  on S D S -  
p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  
The p l a q u e  a s s a y  f o r  CB3 was e s s e n t i a l l y  t h a t  d e s c r i b e d  b y  Lewis 
e t  a l .  ( 4 0 ) .  BGM c e l l s  were grown i n  55 cm2 t i s s u e  c u l t u r e  p e t r i  
d i s h e s  u n t i l  t h e y  were 90 t o  1 0 0 %  c o n f l u e n t .  When t h e  c e l l s  were r e a d y ,  
0 . 1  r n l  from e a c h  t u b e  of a  1 0 - f o l d  CB3 v i r u s  d i l u t i o n  ( s e r i e s  10-1 t o  
was added,  i n  d u p l i c a t e  t o  2 . 9  m l  o f  DMEM i n  t h e  c u l t u r e  d i s h .  
The v i r u s  was a l l o w e d  t o  a d s o r b  t o  t h e  c e l l s  f o r  1 . 5  h  i n  a  C02 chamber 
w i t h  c o n s t a n t  r o c k i n g .  When t h e  i n c u b a t i o n  p e r i o d  was c o m p l e t e  t h e  
inoculum was removed a n d  t h e  i n f e c t e d  c e l l s  were o v e r l a i d  w i t h  
m e t h y l c e l l u l o s e  DMEM media ( 1 . 2 5 %  m e t h y l c e l l u l o s e - 4 0 0 0 ,  c P [ O . l  P=0.1  
P a - s ] ) .  The o v e r l a i d  p l a t e s  were i n c u b a t e d  f o r  24-36 h  a f t e r  which t i m e  
t h e  plaques  were  c o u n t e d ,  w i t h o u t  s t a i n i n g ,  u s i n g  a  X-Y t r a n s p o r t  
c a r r i e r  on a Nikon i n v e r t e d  phase  c o n t r a s t  mic roscope .  
The l i n e a r i t y  o f  t h e  p l a q u e  a s s a y  was d e t e r m i n e d  from a  p l o t  of 
p l a q u e s  v e r s u s  v i r u s  d i l u t i o n  o b t a i n e d  f rom an a s s a y  l i n e a r i t y  
exper iment .  A s t o c k  o f  CB3 ( 1 . 0  ~ 1 0 7  pfu/ rnl )  was d i l u t e d  i n  DMEM s u c h  
t h a t  0 . 1  m l  o f  inocu lum c o n t a i n e d  a p p r o x i m a t e l y  1 0 0 0 ,  500, 250, 1 2 5 ,  67,  
33, 16, 8 ,  4 ,  and  2  p f u  ( 2 - f o l d  d i l u t i o n  s e r i e s )  . These d i l u t i o n s  were 
t h e n  i n o c u l a t e d ,  i n  d u p l i c a t e ,  o n t o  i n  t h e  s t a n d a r d  p l a q u e  a s s a y .  The 
p l a q u e s  were c o u n t e d  t h e  g raph  p l o t t e d  w i t h  a  b e s t  f i t  l i n e  t h r o u g h  t h e  
d a t a .  
Adsorpt ion E f f i c i e m  
T h e  e f f i c i e n c y  of  a d s o r p t i o n  of CB3 t o  BGM c e l l s  was o b t a i n e d  by a 
p r o g r e s s i v e  a d s o r p t i o n  e x p e r i m e n t .  A s t o c k  of  CB3 was d i l u t e d  i n  DMEM 
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s o  t h a t  3 . 0  ml q u a n t i t i e s  o f  DMEM c o n t a i n e d  1500, 1000, 500, 250,  o r  100 
p f u .  Each whole  d i l u t i o n  was u s e d  a s  a n  inocu lum on c o n f l u e n t  
m o n o l a y e r s  o f  BGM c e l l s  i n  100 rnm2 p l a t e s .  The p l a t e s  w e r e  i n c u b a t e d  a s  
i n  t h e  s t a n d a r d  p l a q u e  a s s a y .  A t  t h e  end o f  t h e  f i r s t  a d s o r p t i o n  
p e r i o d ,  e a c h  i n o c u l u m  was t o t a l l y  t r a n s f e r r e d  t o  a  second  s e t  of f i v e  
BGM p l a t e s  a n d  i n c u b a t e d  a s  b e f o r e .  F o l l o w i n g  t h e  second  a d s o r p t i o n  
p e r i o d ,  e a c h  inocu lum was a g a i n  removed and t r a n s f e r r e d  t o  a  t h i r d  set 
o f  f i v e  BGM p l a t e s .  F o l l o w i n g  i n c u b a t i o n  e a c h  inoculum was t r a n s f e r r e d  
t o  a  f o u r t h  a n d  f i n a l  set o f  p l a t e s .  A l l  o f  t h e  p l a t e s  w e r e  o v e r l a i d  
a n d  i n c u b a t e d  35 t o  4 0  h ,  a f t e r  which t i m e  t h e  p l a q u e s  were c o u n t e d .  
S t a t r s t r c a l  C o n s i s t e n c v  o f  P _ue . , 1 a a  A- 
The s t a t i s t i c a l  c o n s i s t e n c y  o f  t h e  p l a q u e  a s s a y  was o b t a i n e d  by a  
r e p l i c a t i v e  p l a t i n g  e x p e r i m e n t .  A s t o c k  o f  C B 3  was a s s a y e d  as p e r  t h e  
s t a n d a r d  a s s a y  o n l y  t h a t  f i v e  r e p l i c a t e s  w e r e  u s e d  a t  each  d i l u t i o n .  
The p l a q u e  numbers w e r e  u s e d  t o  o b t a i n  means,  s t a n d a r d  d e v i a t i o n s ,  and a  
c o e f f i c i e n t  o f  v a r i a t i o n .  
V i r u s  P u r i f i c a t i o n  
S e v e r a l  p r o c e d u r e s  were e v a l u a t e d  t o  o p t i m i z e  t h e  p u r i f i c a t i o n  o f  
l a r g e  q u a n t i t i e s  of  C B 3  f rom BGM c e l l s .  These  p r o c e d u r e s  i n c l u d e d  
s e v e r a l  d e s i g n e d  t o  s t u d y  r e l e a s e  and d i s s o c i a t i o n  of CB3 f r o m  i n f e c t e d  
c e l l  d e b r i s ,  c o n c e n t r a t i o n  of v i r u s ,  and r a t e  z o n a l  a n d  i s o p y c n i c  
c e n t r i f u g a t i o n .  
W e z e  a n d  t h a w  method,  BGM c e l l  l y s a t e s  f rom 2  t o  9 ,  850 cm2 
g l a s s  r o l l e r  b o t t l e s  ( 1 . 5  X ~ O *  c e l l s  e a c h )  w e r e  p o o l e d  a n d  c e n t r i f u g e d  
(5,000 xg, 1 5  min i  4 C) . The s u p e r n a t a n t  was d e c a n t e d ,  s a v e d  a n d  t h e  
p e l l e t  was r e s u s p e n d e d  i n  1 / 1 0  t h e  o r i g i n a l  volume o f  DMEM i n  o n e  o r  
more Corex g l a s s  c e n t r i f u g e  b o t t l e s .  The p e l l e t s  w e r e  d i s p u r s e d  by  
mixing  and s o n i c a t i o n  (Branson  S o n i f i e r ,  20 ,000 c p s )  . The d i s p u r s e d  
m i x t u r e  was f r o z e n  a t  -20 C and  thawed  a t  
37  C .  Some p r e p a r a t i o n s  w e r e  a g a i n  f r o z e n  a n d  thawed .  Some 
p r e p a r a t i o n s  w e r e  f r o z e n  a n d  thawed a  t h i r d  t i m e .  F o l l o w i n g  f r e e z i n g  
and  thawing t h e  m i x t u r e  was c e n t r i f u g e d  a t  5 , 0 0 0  xg  f o r  15 min a t  4 C .  
The s u p e r n a t a n t  was a d d e d  t o  t h e  o r i g i n a l  s u p e r n a t a n t .  The p e l l e t  was 
d i s c a r d e d .  V i r u s  p l a q u e  a s s a y s  w e r e  c o n d u c t e d  on t h e  o r i g i n a l  l y s a t e  
and  t h e  combined s u p e r n a t a n t s  f o l l o w i n g  f r e e z i n g  and  t h a w i n g .  
Salt BGM c e l l  l y s a t e s  f rom o n e  o r  two i n f e c t e d  
g l a s s  r o l l e r  b o t t l e s ,  40 o r  80 ml,  w e r e  c o l l e c t e d  a n d  c e n t r i f u g e d  a s  
above ,  The s u p e r n a t a n t  f r a c t i o n  was d e c a n t e d  a n d  t h e  p e l l e t  mixed w i t h  
1 /10  t h e  o r i g i n a l  volume o f  0 . 4  M NaCl i n  0 . 0 1  M ~ r i s - ~ C l ,  pH 7 . 4  u n t i l  
homogeneous. The m i x t u r e  was s o n i f i e d  f o r  lmin  t h e n  c e n t r i f u g e d  a s  
b e f o r e .  The s u p e r n a t a n t  was combined w i t h  t h e  f i r s t  s u p e r n a t a n t  and  t h e  
p e l l e t  e x t r a c t e d  a g a i n  w i t h  t h e  h i g h  s a l t  m i x t u r e .  The r e s u l t a n t  p e l l e t  
w a s  a g a i n  e x t r a c t e d  i n  t h e  same manner .  The combined s u p e r n a t a n t s  w e r e  
a s s a y e d  f o r  v i r a l  i n f e c t i v i t y .  
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urn d o d e c v l  - s u l f a t e  e x t r a c t i o n  met- BGM c e l l  l y s a t e s  from 1 
t o  10 g l a s s  r o l l e r  b o t t l e s  were p o o l e d .  Sodium dodecy l  s u l f a t e  p l u s  2- 
m e r c a p t o e t h a n o l  (SDS, 2-ME) was added t o  t h e  l y s a t e  t o  a  f i n a l  
c o n c e n t r a t i o n  o f  0 . 3  a n d  0 . 8 %  r e s p e c t i v e l y .  The m i x t u r e  was i n c u b a t e d  
a t  37 C f o r  10  t o  30 min d u r i n g  which t i m e  t h e  c e l l u l a r  d e b r i s  
s o l u b i l i z e d .  The m i x t u r e  was c h i l l e d  f o r  2 h  a t  0 C and  t h e  i n s o l u b l e  
m a t e r i a l  a n d  SDS w e r e  removed by  c e n t r i f u g a t i o n  (10,000 xg, 20 min, 
4 C ) .  The s u p e r n a t a n t  which c o n t a i n e d  most  of t h e  v i r u s  was s a v e d  f o r  
a s s a y  and f u r t h e r  p u r i f i c a t i o n  
C o n c e n t r a t i o n  of  CB3 From V i r u s  L v s a t e z  
The c o n c e n t r a t i o n  o f  CB3 was accompl i shed  by p o l y e t h y l e n e  g l y c o l  
(PEG)  p r e c i p i t a t i o n ,  ammonium s u l f a t e  ([NHq]2SOq) p r e c i p i t a t i o n ,  o r  by 
p e l l e t i z a t i o n  by c e n t r i f u g a t i o n .  
PEG ~recl-method. a ,  PEG p r e c i p i t a t i o n  was pe r fo rmed  
f o l l o w i n g  t h e  method of  Abraham and Colonno ( 3 4 ) .  NaCl was added t o  t h e  
BGM l y s a t e s  of CB3 t o  a  f i n a l  c o n c e n t r a t i o n  of  2.2% (w/v) . PEG-8000 
(Sigma) w a s  added t o  7 .0% ( w / v ) .  The m i x t u r e  was s t i r r e d  a t  4 C on a  
magnet ic  s t i r r e r  o v e r n i g h t  (12-16 h ) .  The c loudy  c e l l  l y s a t e  was 
c e n t r i f u g e d  (10 ,500  xg,  15 min, 4 C )  and t h e  s u p e r n a t a n t  was d i s c a r d e d .  
The r e s u l t i n g  p e l l e t s  were resuspended i n  "R" b u f f e r  (10 mM T r i s - H C 1  [pH 
7  . 5 ] ,  0 . 2  M NaC1, 50 mM MgC12, 10% [w/v] g l y c e r o l )  by s o a k i n g  f o r  a t  
l e a s t  3  h  a t  4 C . The suspension was f u r t h e r  homogenized by 
t r u n u l a t i o n  and s o n i c a t i o n .  The s u s p e n s i o n  was a s s a y e d  f o r  i n f e c t i v i t y  
by p laque  a s s a y .  
nlum sdfate method. Ammonium sulfate precipitation was 
performed by adding equal volumes of room temperature saturated ammonium 
sulfate in 0.01 M Tris-HC1, pH 7.4, to the BGM cell lysates. The 
mixture was chilled on ice for 2 h and the insoluble material was 
collected by centrifugation (10,000 xg, 15 min, at 4 C). The resulting 
pellet was dissolved in 1/20 of the original volume of "R" buffer. 
tho& Pelletization of the virus by 
centrifugation was achieved by spinning the BGM lysates at 50,000 rpm in 
a Beckman L5-65 ultracentrifuge for 2 h at 10 C. The amber colored 
pellets were then resuspended in a minimal amount of "RK" buffer by 
soaking overnight at 4 C in a refrigerator followed by trunulation and 
sonication. The pooled suspensions were assayed for viral infectivity 
and saved for further purification. 
Lsoavcnic Centrifuaatian purification Methods 
All of the isopycnic procedures were performed in a Beckman L5-65 
ultracentrifuge using a SW-41 swinging bucket rotor and Beckman 
polyallomer or polycarbonate tubes. Isopycnic centrifugation was 
performed with either of two types of centrifugation media. Metrizamide 
(2-[3-acetamido-5-N-methylacetamido-2,4,6-triiodobenzamido]-2-deoxy-D- 
glucose) (Nygarrd) was used in step gradients and preformed linear 
gradients, where as cesium chloride was used in self-forming gradients 
and preformed linear gradients . 
Metrizamide step aradient ~rocedure. Metrizamide step gradients 
were performed by filling 13.0 rnl centrifuge tubes stepwise with 1.5 ml 
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60% metrizamide,  3 . 0  m l  20% met r i zamide  a n d  up t o  8 . 5  m l  of c l a r i f i e d  
v i r u s  suspens ion ,  b o t h  d i s s o l v e d  i n  "R" b u f f e r .  The t u b e s  w e r e  o v e r l a i d  
wi th  p a r a f f i n  o i l  as  needed  and spun  f o r  3  h a t  36,000 rpm a t  10 C .  
F r a c t i o n s  were c o l l e c t e d  from t h e  t u b e  b o t t o m  by p u n c t u r i n g  a  h o l e  and 
c o l l e c t i n g  t h e  i n t e r f a c i a l  a r e a s  s e p a r a t e l y  from t h e  60% and  20% 
m a t e r i a l .  The f r a c t i o n s  were a s s a y e d  f o r  i n f e c t i v i t y ,  d e n s i t y ,  and 
where a p p r o p r i a t e  r a d i o a c t i v i t y .  Peak f r a c t i o n s  were t h e n  p o o l e d  and 
s t o r e d .  
Metrizarnide l i n e a r  a r a d i e n t  p r o c e d u r e .  G r a d i e n t  m e t r i z a m i d e  r u n s  
were performed b y  p o u r i n g  a  20-60% l i n e a r  g r a d i e n t  ( 5  ml t o t a l )  i n  "R" 
b u f f e r .  5-8 m l  of  t h e  c l a r i f i e d  v i r u s  s u s p e n s i o n  was t h e n  c a r e f u l l y  
l a y e r e d  over  t h e  t o p  of t h e  g r a d i e n t .  The t u b e s  w e r e  o v e r l a i d  w i t h  
p a r a f f i n  o i l  a s  needed  and spun a t  36,000 r p m  f o r  24-36 h  a t  10 C .  
F r a c t i o n s  were a g a i n  c o l l e c t e d  by bo t tom p u n c t u r e  and a s s a y e d  f o r  
i n f e c t i v i t y ,  d e n s i t y ,  and when needed r a d i o a c t i v i t y .  By e i t h e r  method 
t h e  v i r u s  band c o u l d  b e  s e e n  by t h e  p r e s e n c e  of  o p a l e s c e n t  m a t e r i a l  i n  a  
d e f i n i t i v e  band w i t h  i n  t h e  g r a d i e n t  media .  
Cesium c h l o r i d e  l i n e a r  a r a d i e n t  wracedure .  Cesium c h l o r i d e  
g r a d i e n t s  were p r e p a r e d  by d i s s o l v i n g  ces ium c h l o r i d e  t o  9 4 4 . 8  mg/ml i n  
t f R m  b u f f e r  with g l y c e r o l .  An e q u a l  volume of t h e  ces ium c h l o r i d e  
s o l u t i o n  and c l a r i f i e d ,  c o n c e n t r a t e d  v i r u s  s u s p e n s i o n  were mixed t o  
yield a  f i n a l  ces ium c h l o r i d e  c o n c e n t r a t i o n  of  4 7 2 . 4  m g / m l  w i t h  an 
average d e n s i t y  of  1 . 3 4  g / m l .  The r e s u l t i n g  s u s p e n s i o n  was s p l i t  
between two c e n t r i f u g e  t u b e s ,  o v e r l a i d  w i t h  p a r a f i n  o i l ,  and  c e n t r i f u g e d  
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f o r  65-80 h  a t  3 1 , 0 0 0  rpm a t  1 0  C. G r a d i e n t s  w e r e  c o l l e c t e d  b y  b o t t o m  
p u n c t u r e .  
u r a u  Pre fo rmed  c e s i u m  c h l o r i d e  
g r a d i e n t s  w e r e  made b y  u s i n g  d e f i n i t i v e  CsCl  s t o c k  s o l u t i o n  i n  "R" 
b u f f e r .  A 1 . 2 0 g / m l  s o l u t i o n  was made b y  d i s s o l v i n g  2 . 8  g r a m s  CsCl  i n  
1 0 . 0  ml "R" b u f f e r .  A 1 . 4 0  g / m l  s o l u t i o n  was p r e p a r e d  by d i s s o l v i n g  
5 . 5 0  grams CsCl  i n  1 0 . 0  ml of  "R" b u f f e r .  S o l i d  CsC1 was a d d e d  t o  t h e  
c l a r i f i e d ,  c o n c e n t r a t e d  v i r u s  s u s p e n s i o n  t o  p r o d u c e  a  f i n a l  d e n s i t y  o f  
1 . 3 0  g / m l .  A t  t h e  t i m e  o f  c e n t r i f u g a t i o n ,  g r a d i e n t s  w e r e  p r e p a r e d  by  
s u c c e s s i v e l y  l a y e r i n g  3 . 0  ml o f  1 . 4 0  g /ml ,  5 . 0  m l  o f  1 . 3 0  g / m l  ( v i r u s  
s u s p e n s i o n ) ,  a n d  2 . 0  ml o f  1 . 2 0  g /ml  CsCl s o l u t i o n s .  The t u b e s  w e r e  
o v e r l a i d  w i t h  p a r a f i n  o i l  and  c e n t r i f u g e d  a t  32 ,000  rpm f o r  55-70 h  a t  
1 0  C .  Cesium g r a d i e n t s  w e r e  c o l l e c t e d  a s  b e f o r e  and  a s s a y e d  f o r  
i n f e c t i v i t y ,  d e n s i t y ,  a n d  r a d i o a c t i v i t y  when n e c e s s a r y .  
Both m e t r i z a m i d e  a n d  c e s i u m  c h l o r i d e  g r a d i e n t  p e a k  f r a c t i o n s  
w e r e  poo led  a n d  s u b j e c t e d  t o  i n f e c t i v i t y  a s s a y s ,  p r o t e i n  a s s a y s ,  a n d  
SDS-gel e l e c t r o p h o r e s i s  f o r  p u r i t y  d e t e r m i n a t i o n s .  
P a t e  Zonal  P u r i f i c a t i o n  
Suc rose  g r a d i e n t s  were p r e p a r e d  t o  f u r t h e r  p u r i f y  c e s i u m  c h l o r i d e  
banded  v i r u s .  1 0 %  a n d  30% s u c r o s e  i n  "R" b u f f e r  w e r e  u s e d  t o  p o u r  
1 1 . 5  ml l i n e a r  g r a d i e n t s  I n  c l e a r  p o l y c a r b o n a t e  (Beckman) t u b e s  f o r  t h e  
SW-41 r o t o r .  Up t o  0 . 5  m l  o f  v i r u s  s u s p e n s i o n  was l a y e r e d  o n  t o p  o f  t h e  
g r a d i e n t s .  The  g r a d i e n t s  w e r e  spun  3  h  a t  31 ,000  rpm a t  1 5  C. The 
g r a d i e n t s  w e r e  c o l l e c t e d  b y  bo t tom p u n c t u r e .  The t u b e s  w e r e  a s s a y e d  f o r  
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r a d i o a c t i v i t y ,  a s  n e c e s s a r y ,  and  f o r  i n f e c t i v i t y .  Peak t u b e  f r a c t i o n s  
were pooled.  
P r o e e i n  0uantzflcaf;BQn , . 
P r o t e i n  c o n c e n t r a t i o n  d e t e r m i n a t i o n s  were performed a t  e a c h  o f  t h e  
p u r i f i c a t i o n  s t a g e s .  The Q u a n t i g o l d  p r o c e d u r e  ( B i o r a d )  was u s e d ,  u s i n g  
bovine serum a lbumin  f r a c t i o n  V a s  a  s t a n d a r d .  The Q u a n t i g o l d  r e a g e n t ,  
0.850 m l ,  was added  t o  p r o p e r l y  d i l u t e d  f r a c t i o n s ,  s t a n d a r d s ,  a n d  
c o n t r o l s  i n  0 .150 m l .  The m i x t u r e  was v o r t e x e d  a t  t i m e  z e r o .  Fo l lowing  
a  30 min i n c u b a t i o n  p e r i o d ,  a t  room t e m p e r a t u r e  f o r  c o l o r  development ,  
t h e  tubes  were r e a d  a t  u s i n g  a  Beckman s p e c t r o p h o t o m e t e r .  
, * 
a c t b v l t v  Measurement. 
Liquid  s c i n t i l l a t i o n  was performed u s i n g  a  Packard l i q u i d  
s c i n t i l l a t i o n  s p e c t r o m e t e r .  L i q u i d  samples  were d i s s o l v e d  i n  Aquasol I1 
(NEN). Peak e f f i c i e n c i e s  were o b t a i n e d  w i t h  a  g a i n  of  6 and a  window of 
50 t o  1000. Two s e t s  of 10 min c o u n t s  were averaged .  I n  some 
exper iments  a c i d  i n s o l u b l e  r a d i o a c t i v i t y  needed t o  be d e t e r m i n e d .  
T r i c h l o r o a c e t i c  a c i d  ( T C A )  i n s o l u b l e  m a t e r i a l  was c o l l e c t e d  on on a  0 . 2  
micron c e l l u l o s e  a c e t a t e  f i l t e r s  f o l l o w i n g  a  15 m i n  i n c u b a t i o n  of t h e  
m a t e r i a l  on i c e .  Each f i l t e r  was washed t w i c e  wi th  10% TCA ( 5  m l ) .  The 
f i l t e r s  were d r i e d  and p l a c e d  i n t o  s c i n t i l l a t i o n  v i a l s .  Aquasol was 
added and t h e  r a d i o a c t i v i t y  was d e t e r m i n e d .  
P o l v a c r v l a m i d e i s  
The c a p s i d  p r o t e i n s  of CB3 were s e p a r a t e d  by sodium d o d e c y l  
s u l f a t e  (SDS) p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  a c c o r d i n g  t o  t h e  
p r o c e d u r e  d e s c r i b e d  by Baum ( 4 1 )  w i t h  m o d i f i c a t i o n s  by Johnson (42)  . 
M o l e c u l a r  w e i g h t  m a r k e r s  and r a d i o l a b e l e d  CB3 w e r e  p l a c e d  i n  a d j a c e n t  
w e l l s  of a  10  o r  1 2 . 5 %  a c r y l a m i d e  s l a b  g e l s  and run  f o r  4 h  o r  u n t i l  t h e  
p h e n o l  r e d  i n d i c a t o r  moved t o  t h e  e n d  o f  t h e  g e l .  The g e l s  were s t a i n e d  
o v e r n i g h t  w i t h  Coomassie  Blue  and d e s t a i n e d  i n  a  s o l u t i o n  o f  1 0 %  a c e t i c  
a c i d  and 4 0 %  m e t h a n o l .  Lanes c o n t a i n i n g  r a d i o a c t i v i t y  were c u t  i n t o  
1 rnm s e c t i o n s  p l a c e d  i n  g l a s s  v i a l s  and h y d r o l y z e d  i n  0 . 2  r n l  o f  3 0 %  
hydrogen p e r o x i d e  (Sigma)  o v e r n i g h t  a t  37  C .  The s o l u t i o n s  were mixed 
w i t h  a q u a s o l  and t h e  r a d i o a c t i v i t y  d e t e r m i n e d .  
Autorad iograms  w e r e  performed u s i n g  Kodak Rpxomat f i l m  t h a t  were 
d e v e l o p e d  u n d e r  t h e  s t a n d a r d  c o n d i t i o n s .  
T h e  d r y i n g  o f  po lyac ry la rn ide  g e l s  w a s  performed u s i n g  a  B i o r a d  
model 5 4 3  g e l  d r y e r  u s i n g  t h e  p r o t o c o l  o u t l i n e d  i n  t h e  manual .  
RESULTS 
Assav 
  he c o n s i s t e n c y  o f  t h e  p l a q u e  a s s a y  f o r  CB3 was s t u d i e d .  U s i n g  
t h e  p r o t o c o l  f o r  t h e  s t a n d a r d  p l a q u e  a s s a y ,  a  s t o c k  o f  CB3 was s e r i a l l y  
d i l u t e d  i n  DMEM+5% NBCS s u c h  t h a t  a  0 . 1  m l  s ample  c o n t a i n e d  
approx ima te ly  4 0  p f u .  T h i s  d i l u t i o n  s e r i e s  a n d  p l a q u e  a s s a y  was 
r e p e a t e d  f i v e  t i m e s  t o  p r o v i d e  a n  e s t i m a t e  of  t h e  r e p r o d u c i b i l i t y  o f  t h e  
p l a q u e  a s s a y  p r o t o c o l .  The c o n s i s t e n c y  i n  t h e  measurement of  v i r u s  
t i t e r  i s  p r e s e n t e d  i n  T a b l e  I .  The e x t r e m e s  o f  t h e  p l a q u e  c o u n t s  were 
28  t o  56,  w i th  a  mean o f  42.1 and  a  s t a n d a r d  deviation of  6 . 5 6 .  The 
enumera t ive  p l aque  a s s a y  d e v e l o p e d  f o r  CB3 and u s e d  i n  most  o f  t h e  
expe r imen t s  r e p o r t e d  h e r e i n  i s  t h u s  c a p a b l e  o f  b e i n g  p e r f o r m e d  w i t h  a  
h i g h  d e g r e e  of c o n s i s t e n c y  w i t h  v a r i a t i o n s  a r o u n d  a  c a l c u l a t e d  mean o f  
app rox ima te ly  15%. 
The p l aque  a s s a y  was d e m o n s t r a t e d  t o  have  a  l i n e a r  r e s p o n s e  
between 5  and 800 p l a q u e s  on  a  55 c m 2  p l a t e  when c o u n t e d  m i c r o s c o p i c a l l y  
between 35 and 45 h o u r s  p o s t - i n f e c t i o n  ( F i g u r e  1). P l a q u e s  c o n s i s t e d  o f  
50 t o  100 ce l l s  which w e r e  d e t a c h e d  and  round  a p p e a r i n g  r e l a t i v e  t o  t h e  
normal,  u n i n f e c t e d  BGM c e l l s .  A t  t h i s  t i m e  o f  i n f e c t i o n  few c e l l s  had  
l y s e d .  Approximate ly  12-24 h p o s t - i n f e c t i o n ,  p e r f o r a t i o n s  of  t h e  c e l l  
monolayer  were e a s i l y  o b s e r v e d .  The l i n e a r  r e s p o n s e  i m p l i e s  s i n g l e - h i t  
k i n e t i c s  f o r  t h i s  v i r u s  u n d e r  u n d e r  t h e  conditions of t h e  s t a n d a r d  
m e n d  t o  T a u e  1. A s t o c k  o f  CB3 w i t h  an  e s t i m a t e d  t i t e r  o f  1.1 X 10  8 
p f u / m l  was s e r i a l l y  d i l u t e d  w i t h  DMEM a s  f o l l o w s ;  1 / 1 0 0 ,  1 / 1 0 0 ,  a n d  
1 / 1 0 .  From t h e  l a s t  d i l u t i o n  0.05ml was added  i n  t r i p l i c a t e  t o  2 . 9 5  ml 
o f  DMEM i n  55 cm2 t i s s u e  c u l t u r e  (TC) d i s h e s  f o r  v i r u s  a d s o r p t i o n  a s  i n  
t h e  s t a n d a r d  a s s a y  p r o t o c o l .  The d i l u t i o n  s e r i e s  and  v i r u s  p l a t i n g  was 
r e p e a t e d  f i v e  t i m e s .  P l a q u e s  were c o u n t e d  m i c r o s c o p i c a l l y  u s i n g  40x 
m a g n i f i c a t i o n  a n d  f rom t h e  d i l u t i o n s  and  p l a q u e  c o u n t  t h e  t i t e r  was 
c a l c u l a t e d  f o r  e a c h  p l a t e .  The a r e a  o f  t h e  p l a t e  c o u n t e d  b e c a u s e  o f  t h e  
t e m p l a t e s  u s e d  i n  t h e  m i c r o s c o p i c  e x a m i n a t i o n  o f  t i s s u e  c u l t u r e  p l a t e s  
was 7 5 . 8 2 %  o f  t h e  t o t a l  a r e a  a v a i l a b l e .  




Plaques on Each 
T.C. Disk 
Calculated T i t e r  
of V i r u s  Stock 
Legend t o  E i a u r e  1 .  C o n s i s t e n c y  o f  p l a q u e  a s s a y .  Twofold  d i l u t i o n s  o f  
a  s t o c k  o f  CB3 were made u s l n g  DMEM. Samples o f  e a c h  d i l u t i o n  w e r e  
a s s a y e d  i n  d u p l i c a t e  a s  i n  t h e  s t a n d a r d  a s s a y  p r o t o c o l .  P l a q u e s  w e r e  
c o u n t e d  a t  4 0  h p o s t  i n f e c t i o n  ( P I ) .  The d o s e  r e s p o n s e  c u r v e  was 
p r e p a r e d  u s i n g  t h e  a v e r a g e  o f  the p l a q u e  c o u n t s .  

p l a q u e  a s s a y .  s i n g l e  h i t  k i n e t i c s  a r e  observed f o r  m o s t  v i r u s e s  which 
d o  n o t  r e q u i r e  h e l p e r  v i r u s .  Under t h e s e  c o n d i t i o n s ,  a  s i n g l e  p l a q u e  
fo rms  due t o  t h e  i n i t i a l  i n f e c t i o n  of  a  c e l l  by a  s i n g l e ,  i n f e c t i o u s  
v i r u s  p a r t i c l e  f o l l o w e d  by r e c r u i t m e n t  of a d j a c e n t  c e l l s  by progeny 
v i r u s e s .  
A l l  of t h e  s t u d i e s  performed wi th  C B 3  were done wi th  a  c l o n a l  
i s o l a t e  o b t a i n e d  f rom t h e  o r i g i n a l  ATCC s t o c k .  D i f f e r e n c e s  i n  t h e  r a t e  
of  p l a q u e  e n l a r g e m e n t  and  p laque  morphology were a p p a r e n t .  P l a q u e s  were 
o b s e r v e d  t o  have d i a m e t e r s  v a r y i n g  by a  f a c t o r  of 3 a t  35 t o  4 5  h  
p o s t i n f e c t i o n .  Also ,  it was common t o  observe  v a r i a t i o n s  i n  t h e  d e n s i t y  
o f  i n f e c t e d  c e l l s  i n  a  p l a q u e .  The most common morphology was a 
c o m p l e t e  and  t o t a l  involvement  of a l l  BGM c e l l s  w i t h i n  t h e  p l a q u e .  
F r e q u e n t l y  p l a q u e s  were observed  which were d i f f u s e ,  i . e . ,  many normal 
a p p e a r i n g  c e l l s  i n t e r s p e r s e d  among d e f i n i t i v e l y  I n f e c t e d  c e l l s  wi th  t h e  
t y p i c a l  c y t o p a t h i c  e f f e c t s .  These variations c o u l d  be a t t r i b u t e d  t o  t h e  
o c c u r r e n c e  of  CB3 v a r i a n t s  wl th  reduced o r  i n c o m p l e t e  a d s o r p t i o n  
e f f i c i e n c y  on BGM c e l l s .  Although o t h e r  c a u s e s  c o u l d  no t  b e  e l lmina t -ed ,  
t h e  e f f i c i e n c y  o f  CB3 a d s o r p t i o n  t o  BGM c e l l s  under  c o n d i t i o n s  o p t i m a l  
f o r  a d s o r p t i o n  was measured.  
The a d s o r p t i o n  e f f i c i e n c y  of C B 3  i s  r e p o r t e d  i n  Tab le  2 .    he mean 
e f f i c i e n c y  o f  a d s o r p t i o n  of  CB3 I n  DMEM was 7 7 . 8 %  when t h e  c e l l  and 
v i r u s  m i x t u r e  were i n c u b a t e d  a t  an average  pH of 7 . 4  i n  a  h u m i d i f i e d  
--to 7 .  A s t o c k  of  CB3 was d i l u t e d  t o  c o n t a i n  
1000 p f u / 0 . 7 5  m l  DMEM+5% NBCS. A l l  i n o c u l a t i o n s  w e r e  p e r f o r m e d  i n  
d u p l i c a t e .  The inoculum ( 0 . 7 5  r n l )  was added  t o  a  c o n f l u e n t  p l a t e  o f  BGM 
c e l l s  which had been a s p i r a t e d  f r e e  of med ia .  A d s o r p t i o n  was f o r  1 . 5  h  
a t  37 C i n  a h u m i d i f i e d  C 0 2  i n c u b a t o r .  The p l a t e  was t i l t e d  a t  1 5  min 
i n t e r v a l s  t o  s p r e a d  t h e  inoculurn.  
F o l l o w i n g  t h e  f i r s t  a d s o r p t i o n  p e r i o d  t h e  p l a t e  was removed f r o m  
t h e  i n c u b a t o r  and  t h e  inoculum was removed. O v e r l a y  media was added  t o  
t h e  p l a t e .  The same inoculurn used  on t h e  f i r s t  p l a t e  was t h e n  added  t o  
a n o t h e r  c o n f l u e n t  p l a t e  f o r  a  second  round o f  a d s o r p t i o n  under  t h e  same 
c o n d i t i o n s .  
In  l i k e  manner t h e  adsorption was c a r r i e d  o u t  u s i n g  t h e  same 
inoculurn f o r  one a d d i t i o n a l  round of a d s o r p t i o n .  
F o l l o w i n g  t h e  a d d i t i o n  of o v e r l a y  medium t h e  p l a t e s  w e r e  i n c u b a t e d  
f o r  40 h  and t h e  p l a q u e s  were c o u n t e d  a s  i n  T a b l e  I. 
Table 2. Msorpt ion Efficiency of CB3 on BQvl Cells. 
C33 Plaques Observed 
Adsorption 
- 
Plate Plate 1 Plate 2 X 
( pfu/plate ) (pfu/wlate ) 
A - first adsorption 748 810 779 
B - second adsorption 180 164 172 
C - th i rd  adsorption 4 2 36 38 
D - fourth adsorption 11 8 9 
C02 i n c u b a t o r  f o r  1 - 5  h  a t  37 c ( C a l c u l a t i o n  s e t  #1). ~ l t h o u g h  t h e  
a s s a y  p r o t o c o l  u s e d  i n  t h i s  e x p e r i m e n t  (Legend t o  T a b l e  2 )  was n o t  
i d e n t i c a l  t o  t h e  s t a n d a r d  p l a q u e  a s s a y  p r o t o c o l ,  d u e  t o  t h e  n a t u r e  o f  
t h e  e x p e r i m e n t ,  a c o m p a r i s o n  of  t h e  two p r o c e d u r e s  u s i n g  t h e  same C B 3  
s t o c k  p r o d u c e d  t i t e r s  which  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  
o t h e r  ( 1 . 5 6 ~ 1 0 '  p f u / m l  v e r s u s  1 . 6 5 ~ 1 0 ~  p f u / m l ) .  
The e f f e c t  o f  a  m o d i f i c a t i o n  o f  t h e  s t a n d a r d  a d s o r p t i o n  m i x t u r e  
was s t u d i e d .  An a d s o r p t i o n  m i x t u r e  c o n s i s t i n g  of p h o s p h a t e  b u f f e r e d  
s a l i n e  (PBS) c o n t a i n i n g  0 . 5  mM MgC12 and  0 . 9  TnPl CaC12 was s u b s t i t u t e d  
f o r  DMEM+5% NBCS i n  t h e  s t a n d a r d  p l a q u e  a s s a y .  The t i t e r  c a l c u l a t e d  f o r  
t h e  s t o c k  o f  v i r u s  a s s a y e d  i n  PBS medium was 0 .65  t h a t  o b t a i n e d  f o r  
DMEM+5% NBCS. A l t h o u g h  o t h e r  r e p o r t s  s u g g e s t  t h a t  C a f +  a n d  M ~ + +  a r e  
e s s e n t i a l  f o r  maximal  ~ n f e c t i o n ,  a p p a r e n t l y  t h e  DMEM+5% NBCS a d s o r p t i o n  
m i x t u r e  was s u p e r i o r .  
V i r u s  G . , r ~ w t h  and P u r z f z c a t l o n .  
A p r i m a r y  c o n s i d e r a t i o n  i n  v i r u s  y i e l d  a n d  t h e  p u r i f i c a t i o n  o f  C B ~  
was t o  i d e n t i f y  a  method c a p a b l e  o f  r e l e a s i n g  t h e  maximum number o f  
i n f e c t i o u s  v i r u s e s  f rom i n t a c t ,  i n f e c t e d  BGM c e l l s .  T a b l e  3 p r e s e n t s  
t h e  d a t a  o b t a i n e d  f r o m  s i n g l e  o r  m u l t i p l e  f r e e z i n g  and t h a w i n g  o f  
i n f e c t e d  c u l t u r e s  f o l l o w i n g  v i r u s  i n d u c e d  de t achmen t  of t h e  ce l l s  f rom 
p l a s t i c  o r  g l a s s  g r o w t h  v e s s e l s .  
Calculat ion Set 1. Calculations of absoq-,tion Efficiency from 
Table 2. 
3 6 
I n p u t  
( I P )  W p f u  X p f u  Y g f u  Z p f u  
,hrbH-'p+n& - 
A p f u  B p f u  C p f u  D p f u  
Equations: 
Y wfu = D pfu + Z pfu 
X pfu = C pfu + Y pfu 
W pfu = B pfu + X pfu 
IP pfu = 1000 = A pfu + W pfu 
Calculation : 
Assum: 0.22 X 9 pfu (from D p l a t e s )  = Z pfu 
Then : Y = 9 + 2  
X = 38 + 11 
;.J = 172 + 49 
Ip  = 1000 = 779 + 221 
And Since Absorption Efficiency ( A . E . )  is Equal to 
S plaques observed 
t o t a l  input pfu 
Then: A.E. f o r  p l a t e s  A = 779/1000 = 77.9% 
A.E. f o r  plates B = 172/221 = 77.8% 
A.E. f o r  p l a t e s  C = 38/42 = 77.6% 
3rd A.E. for p l a t e s  D = 9/11 = 81.8% 
BGM c e l l s  a t  c o n f l u e n c y  i n  e i t h e r  T - f l a s k s  ( T F ) ,  
g l a s s  r o l l e r  b o t t l e s  (GRB), g l a s s  B l a k e  b o t t l e s  (GBB), or  o n  g l a s s  b e a d s  
i n  s p i n n e r  f l a s k s  w e r e  i n f e c t e d  w i t h  CB3 a t  a n  MOI o f  0 . 0 0 1  t o  0 . 0 2 .  
F o l l o w i n g  d e t a c h m e n t  of  t h e  ce l ls  f r o m  t h e  g l a s s  o r  p l a s t i c  s u p p o r t ,  3 0  
t o  4 0  h p o s t  i n f e c t i o n  ( P I ) ,  t h e  g r o w t h  m e d i a  c o n t a i n i n g  t h e  c e l l s  a n d  
debris was f r o z e n  a n d  t h a w e d  a t  -20 C  a n d  37 C,  r e s p e c t i v e l y .  
The f r e e z i n g  a n d  t h a w i n g  c y c l e  was r e p e a t e d  o n c e  o r  t w i c e  a s  
i n d i c a t e d .  The  med ia  was c e n t r i f u g e d  a t  1 0 , 0 0 0  xg f o r  1 5  min  a n d  t h e  
s u p e r n a t a n t  f r a c t i o n  was a s s a y e d  a s  i n  t h e  s t a n d a r d  a s s a y  p r o t o c o l .  
C e l l  numbe r s  a t  c o n f l u e n c y  f o r  t h e  g r o w t h  v e s s e l s  w e r e  o b t a i n e d  b y  
h e m o c y t o m e t e r  c o u n t s  o f  d u p l i c a t e ,  c o n f l u e n t ,  n o n i n f e c t e d  c e l l  c u l t u r e s  
( 1 . 3 7 ~ 1 0 ~  c e l l s / T F ;  2 . 3 3 ~ 1 0 '  c e l l s / R B ,  7 . 0 X 1 0 ~  c e l l s / G B B ,  a n d  1 .2X108  
c e l l s  / s p i n n e r  c u l t u r e ) .  
T a b l e  3. .&sessmnt of k e e z e  and Thzw Methods for the Release 
of C53 from E M  C e l l s .  
M e t h c d  ~ulture(') Tord T i t e r  of T o t a l  V m s  V i r u s  p e r  
Vessel Volume V i r u s  h u n t  Cell 
id) (pfulml) (pfu 
3.  Z X F T  
4 .  Z X F T  
5. 2 x n  
6 .  Z X F T  
-, i .  2 X F T  
8. 2 X F T  
9. 2 x 3  
10 .  2 x x  
li. 2 x - ' T  
12.  2 X r T  
6 GRB 
7 Ga3 
 he h i g h e s t  r a t i o s  of v i r u s  p e r  c e l l  were o b t a i n e d  f o r  t h e  two and t h r e e  
f o l d  c y c l e s  of f r e e z i n g  and thawing.  A m a x i m u m  y i e l d  of 10-14 v i r u s e s  
p e r  c e l l  was o b t a i n e d  from c u l t i v a t i o n  of v i r u s  on BGM c e l l s  growing i n  
e i t h e r  T - f l a s k s  o r  g l a s s  r o l l e r  b o t t l e s .  The o v e r a l l  a v e r a g e  y i e l d  f o r  
t h e  f r e e z e  and  thaw p r o c e d u r e s  was 4 . 1  v i r u s e s  p e r  c e l l ,  w i t h  v a r i a t i o n  
i n  y i e l d s  of 20- fo ld  on a  p e r  c e l l  b a s i s .  There  seemed t o  be  no 
s i g n i f i c a n t  d i f f e r e n c e  i n  y i e l d  between f r e e z i n g  and thawing two o r  
t h r e e  t i m e s .  
S a l t  e x t r a c t i o n  of v i r u s e s  from c e l l s  i n f e c t e d  b y  CB3 d i d  n o t  
p r o d u c e  y i e l d s  which were s i g n i f i c a n t l y  d i f f e r e n t  from t h e  f r e e z i n g  and  
t h a w i n g  p r o c e d u r e s  ( T a b l e  4 ) .  E x t r a c t i o n  of c l a r i f i e d  l y s a t e  p e l l e t s  
w l t h  0 . 4  M NaCl i n  R b u f f e r  y i e l d e d  2 4 %  more v i r u s  which had a p p a r e n t l y  
been  t r a p p e d  o r  i o n i c a l l y  bound wi th  t h e  m a t e r i a l  i n  t h e  p e l l e t s  ( T a b l e  
5 ) .  A s e c o n d  e x t r a c t i o n  of once e x t r a c t e d  c l a r i f i e d  c e l l  l y s a t e  p e l l e t s  
b r o u g h t  a b o u t  an  a d d i t i o n a l  5% o f  v i r u s .  There was, however, a n o t h e r  5% 
of  a s s a y a b l e  v i r u s  remain ing  i n  t h e  p e l l e t  f r a c t i o n .  The t o t a l  y i e l d  of 
v i r u s  p r e p a r e d  by s a l t  e x t r a c t i o n  was o n l y  two t i m e s  t h e  a v e r a g e  f o r  
t h e  f r e e z i n g  and  thawing  p rocedures  (8.6 v i r u s e s / c e l l ) .  
The use  o f  SDS i n  r e l e a s i n g  of  v i r u s e s  from c e l l s  and c e l l  d e b r i s  
r e s u l t e d  i n  y i e l d s  of  approx imate ly  18 t o  2 9  v l r u s e s / c e l l   able 4 ) .  
L i t t l e  c e l l u l a r  d e b r i s  remained m i c r o s c o p i c a l l y  v i s i b l e  f o l l o w i n g  SDS 
t r e a t m e n t  of  t h e  i n f e c t e d  c u l t u r e s ,  whereas,  t h e  o t h e r  methods o f  v i r u s  
Leaend t o  T a b l e  4 .  BGM c e l l s  a t  c o n f l u e n c y  i n  T - f l a s k s  o r  g l a s s  r o l l e r  
b o t t l e s  were i n f e c t e d  a s  i n  T a b l e  3 .  F o l l o w i n g  de tachment ,  t h e  c e l l s  
w e r e  s u b j e c t e d  t o  s a l t  o r  S D S  e x t r a c t i o n  a s  i n  M a t e r i a l  a n d  Methods .  
The med ia ,  c l a r i f i e d  by c e n t r i f u g a t i o n  (10,000 xg f o r  15 min)  , was 
a s s a y e d  f o r  i n f e c t i v i t y .  The t i t e r s  and  y i e l d  o f  v i r u s  p e r  c e l l  w e r e  
c a l c u l a t e d  b a s e d  on a  t y p i c a l  c o n f l u e n t  y i e l d  o f  1 . 3 7 ~ 1 0 ~  c e l l s / T - f l a s k  
and  2 . 3 3 ~ 1 0 ~  c e l l s / g l a s s  r o l l e r  b o t t l e  a t  conf  l u e n c y .  
Table 4 .  Assessrent of S a l t  Scdiurn Dodecyl Su l fa te  Methods for 
the Release of CB3 from BC3YI C e l l s .  
M e t  hcd Cul ture  To ta l  T i t e r o f  T o t a l v i r u s  V i r u s p e r  
V e s s e l  V o l m  Virus  Amun t C e l l  
I d )  f p f u / d )  pfu I 
3 X High S a l t  1 GPB 9 5 2-1 x lo7 2.0 x lo9 8.6 
SDS b u f f e r  1 TF 
SDS bu f f e r  1 TF 
SDS bu f f e r  1 GRB 
SDS bu f f e r  1 G B  
SDS b u f f e r  2 GiiB 
BGM c e l l s  on two g l a s s  r o l l e r  b o t t l e s  w e r e  i n f e c t e d  
a n d  t h e  l y s a t e s  f r o z e n  a n d  thawed two t i m e s  a n d  c l a r i f i e d  a s  i n  
M a t e r i a l s  and  Methods.  The p e l l e t  f r a c t i o n  was mixed w i t h  0 . 4  M NaCl i n  
R b u f f e r  ( 1 0  m l ) ,  s o n i c a t e d ,  and  c e n t r i f u g e d  a s  i n  T a b l e  4 .  T h e  
s u p e r n a t a n t  f r a c t i o n  was saved  wi th  t h e  p r e v i o u s  s u p e r n a t a n t  f r a c t i o n  
and  t h e  p e l l e t  was a g a i n  e x t r a c t e d  a s  a b o v e .  The r e s u l t a n t  f i n a l  p e l l e t  
was r e s u s p e n d e d  i n  R b u f f e r  f o r  p l a q u e  a s s a y .  
T a b l e  5. Assessnt tn t  of R e p e t i t i v e  High S a l t  E x t r a c t i o n  
o f  CE33 f r o m  BCS.? C e l l s .  
k a c  t i o n  V o l m  T i t e r  o f  T o t a l  V i r u s  p e r c e n t  o f (  ) 
V i r u s  Arroun t T o t a l  Y i e l d  
Id-) ( p f u / d  ) ( p f u )  
C l a r i f i e d  
L y s a t e  
F i r s t  0.4M 11 4 . 5  X 10 5.0 X lo8 23.6 7 
NaC1, R-Buf f e r  
E x t r a c t  of 
P e l l e t  
Second 0.4M 9 
NaC1, R-Buf f er 
E x t r a c t  of 
P e l l e t  
Resuspended 3 3.9 x l o 7  1.1 X 10 8 5.1 
P e l l e t  
9 (1) T o t a l  V i r u s  Recovery - 2.1 X 1 0  p f u ;  p f u  Recovered P e r  C e l l  
I n f e c t e d  - 8.6 
r e l e a s e  r e s u l t e d  i n  much v i s i b l e  d e b r i s .  I t  i s  l i k e l y  t h a t  t h i s  d e b r i s  
e i t h e r  t r a p p e d  v i r u s  o r  c o n t a i n e d  s i g n i f i c a n t  amounts of s p e c i f i c a l l y  
bound  v i r u s .  
T h r e e  methods  w e r e  e v a l u a t e d  f o r  t h e  a b i l i t y  t o  y i e l d  a  
c o n c e n t r a t e d  p r e p a r a t i o n  of  v i r u s  f rom t h e  c l a r i f i e d  c e l l  l y s a t e s  (Tab le  
6 ) .  The p r e c i p i t a t i o n  o f  v i r u s  b y  p o l y e t h y l e n e  g l y c o l  (PEG) was found t o  
b e  v a r i a b l y  e f f i c i e n t  i n  c o n c e n t r a t i o n  of  v i r u s  r a n g i n g  f rom 11 t o  98% 
o f  t h e  v i r u s  i n  t h e  c e l l  l y s a t e  f r a c t i o n  u s e d  i n  t h e  p r o c e d u r e .  Both 
ammonium s u l f a t e  p r e c i p i t a t i o n  a n d  c e n t r i f u g a t i o n  methods p r o v i d e d  
y i e l d s  of  a p p r o x i m a t e l y  85'30, b u t  t h e  a d v a n t a g e  of c e n t r i f u g a t i o n  i s  t h a t  
i t  p r e c l u d e d  t h e  need  f o r  a  d i a l y s i s  s t e p  t o  remove PEG o r  ammonium 
s u l f a t e  p r i o r  t o  a n  i s o p y c n i c  c e n t r i f u g a t i o n  s t e p .  Also ,  ammonium 
s u l f a t e  c o u l d  n o t  b e  used  f o l l o w i n g  t h e  S D S  p r o c e d u r e  of  r e l e a s i n g  CB3 
f rom i n f e c t e d  c u l t u r e s  due t o  t h e  f o r m a t i o n  of a  l a r g e  s a l t  dodecy l  
s u l f a t e  p r e c i p i t a t e .  The y i e l d s  of  v i r u s  f o l l o w i n g  c e n t r i f u g a t i o n  
c o n c e n t r a t i o n  v a r i e d  o v e r  t w o - f o l d  a  r a n g e .  Th i s  r ange  l i k e l y  r e f l e c t s  
t h e  e x t e n t  of  c e l l  d e b r i s  a s s o c i a t i o n  of  v i r u s  f o l l o w i n g  s e v e r a l  
d i f f e r e n t  e x t r a c t i o n  methods .  O c c a s i o n a l l y ,  more v i r u s  was r e c o v e r e d  
t h a n  o r i g i n a l l y  c a l c u l a t e d  t o  be  i n  t h e  c e l l  l y s a t e  (Tab le  6 ,  i t e m s  8  
a n d  9 ) .  T h i s  r e s u l t  was l i k e l y  d u e  t o  t h e  breakup of v i r a l  a g g r e g a t e s  
o r  d e b r i s  c a r r y i n g  m u l t i p l e  v i r u s  p a r t i c l e s  d u r i n g  t h e  r e s u s p e n s i o n  of  
t h e  v i r a l  p e l l e t .  
Leuend to Table 6 .  CB3 i n  c e l l  l y s a t e s  was c o n c e n t r a t e d  by PEG 
p r e c i p t i t a i o n ,  ammonium s u l f a t e  p r e c i p i t a t i o n ,  and by c e n t r i f u g a t i o n  a s  
d e s c r i b e d  i n  M a t e r i a l s  a n d  Methods.  The c o n c e n t r a t e d ,  r e s u s p e n d e d  v i r u s  
was a s s a y e d  f o r  i n f e c t i v i t y  and  t h e  p e r c e n t  r e c o v e r y  was c a l c u l a t e d .  
. h s s e s s m n t  o f  C o n c e ~ ~ t r a t i o n  F k t h o d s .  f o r  CU3. 
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The c o n c e n t r a t e d  v i r u s  p r e p a r a t i o n s  were  r e s o l v e d  by  i s o p y c n i c  
c e n t r i f u g a t i o n  u s i n g  e i t h e r  c e s i u m  c h l o r i d e  o r  rne t r izamide  ( T a b l e  7 ) .  A 
c o n s i s t e n t  r e c o v e r y  o f  p u r i f i e d  v i r u s  w a s  n o t  a c h i e v e d  by  a n y  o f  t h e  
m e t h o d s  employed .  Ces ium c h l o r i d e  methods  ( T a b l e  7 )  r e s u l t e d  i n  
r e c o v e r i e s  b e t w e e n  4 a n d  35% a n d  met r i z a m i d e  p r o c e d u r e s  h a d  i n f e c t i v i t y  
r e c o v e r i e s  be tween  4 a n d  2 4 % .  The h i g h e r  r e c o v e r i e s  w e r e  a s s o c i a t e d  
w i t h  a  l o w e r  p r o t e i n  l o a d i n g  f a c t o r .  Cesium c h l o r i d e  a p p e a r e d  t o  b e  
c a p a b l e  of  r e s o l v i n g  t h e  v i r u s  i n  h i g h e r  p r o t e i n  c o n c e n t r a t i o n s  than was 
r n e t r i z a m i d e .  The h i g h e s t  r e c o v e r i e s  o f  35  and  2 4 %  of t h e  v i r u s  p l a c e d  
on t h e  g r a d i e n t s  f o r  c e s i u m  c h l o r i d e  a n d  m e t r i z a m i d e  g r a d i e n t s ,  
r e s p e c t i v e l y ,  w e r e  a s s o c i a t e d  w i t h  a p p l i e d  c o n c e n t r a t i o n s  o f  p r o t e i n  of  
o n l y  0 . 5  rng/ml o f  t h e  r e s u s p e n d e d  c e l l  l y s a t e  f r a c t i o n .  This d a t a  
s t r o n g l y  s u g g e s t e d  t h a t  a  r e d u c t i o n  of  t h e  t o t a l  amount o f  p r o t e i n  
a p p l i e d  t o  t h e  g r a d i e n t s  would p r o d u c e  a  h i g h e r  y i e l d  a n d  p o s s i b l y  a 
more h i g h l y  p u r i f i e d  v i r u s .  
R e c o v e r i e s  o f  i n f e c t i v i t y  i n  i s o p y c n i c  g r a d i e n t s  c o u l d  b e  improved  
b y  r e d u c i n g  t h e  t o t a l  amount o f  p r o t e i n  a p p l i e d  o r  by l d y e r i n g  v i r u s  
p r e p a r a t i o n s  which  had  been  p r e p a r e d  b y  SDS l y s i s  of  i n f e c t e d  c u l t u r e s  
( T a b l e  8 ) .  
A c o m p l e t e  summary of  t h r e e  purifications of CB3 t h r o u g h  c e s i u m  
c h l o r i d e  is p r e s e n t e d  i n  T a b l e  8 .  I n  p r o c e d u r e  A ,  c l a r i f i e d  c e l l  l y s a t e  
( C C L )  was p r e c i p i t a t e d  hy  ammonium s u l f a t e .  The CCL had  been  p r e p a r e d  
J,egend t o  W 7 .  CB3 c e l l  l y s a t e s  p r e p a r e d  by f r e e z i n g  and  t h a w i n g  
were c e n t r i f u g e d  a t  1 0 , 0 0 0  x g  f o r  15 min.  The s u p e r n a t a n t  f r a c t i o n s  
were c e n t r i f u g e d  t o  p e l l e t  t h e  v i r u s  a s  i n  M a t e r i a l s  and Methods.  The 
resuspended  v i r u s  was a p p l i e d  t o  e i t h e r  ces ium c h l o r i d e  o r  m e t r i z a m i d e  
g r a d i e n t s  a s  d e s c r i b e d  i n  M a t e r i a l s  and Methods.  V i r u s  a s s a y s  were  
c o n d u c t e d  on f r a c t i o n s  c o l l e c t e d  from t h e  g r a d i e n t s  t o  f i n d  peak amount 
of  v i r u s  and p e r c e n t  r e c o v e r i e s  were c a l c u l a t e d .  P r o t e i n  d e t e r m i n a t i o n s  
were a s  d e s c r i b e d  i n  M a t e r i a l s  and  Methods. 
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samples  were  l a y e r e d  o v e r  a  1 2  m l  1 0  t o  30% L i n e a r  s u c r o s e  g r a d i e n t  i n  R 
b u f f e r .  C e n t r i f u g a t i o n  was a t  30,000 rpm f o r  2 h a t  15 C  i n  t h e  SW-41 
r o t o r .  ~ r a c t i o n s ,  0 .5  m l ,  were c o l l e c t e d  by bo t tom p u n c t u r e  a n d  a s s a y e d  
f o r  i n f e c t i v i t y .  The peak t u b e s  were p o o l e d  a n d  a s s a y e d  a s  above i n  A .  
The d a t a  o b t a i n e d  f rom t h e  s u c r o s e  g r a d i e n t  was c a l c u l a t e d  t o  t h e  t o t a l  
volume of CsCl p o o l  and  r e p o r t e d  i n  t h e  t a b l e .  
C) 35-S l a b e l e d  CB3 was p r e p a r e d  from BGM c e l l s  grown on one r o l l e r  
b o t t l e .  The c o n d i t i o n s  f o r  l a b e l i n g  were a s  i n  B e x c e p t  t h a t  t h e  media 
c o n t a i n e d  no se rum.  The v i r u s  was c o l l e c t e d  by p e l l e t i z a t i o n  a n d  CsCl 
c e n t r i f u g a t i o n  a s  i n  A above.  
Summary of p u r i f i c a t i o n s  of  CB3- 
A) CB3 p u r i f i e d  a s  i n  M a t e r i a l s  a n d  Methods  o b t a i n e d  f rom 35-s 
m e t h i o n i n e  l a b e l e d  BGM c e l l s  on  a  s i n g l e  T - f l a s k .  CCL f rom SDS treated 
cells was mixed  w i t h  a n  e q u a l  volume of s a t u r a t e d  ammonium s u l f a t e  a t  0 
C  a n d  t h e  p r e c i p i t a t e  c o l l e c t e d  a f t e r  l h  a t  0 C  (10,000 x g  f o r  1 5  * i n ) .  
The p r e c i p i t a t e  was d i s s o l v e d  i n  R b u f f e r  w i t h  g l y c e r o l  (10%) a n d  
d i a l y z e d  a g a i n s t  100 vo lumes  o f  R b u f f e r  w i t h  g l y c e r o l .    he m i x t u r e  was 
l a y e r e d  o n t o  a  d i s c o n t i n u o u s  CsCl  g r a d i e n t  (3.0 m l  1.40 g / m l  CsC1 i n  R 
b u f f e r ,  5.0 m l  1.30 g / m l  CsCl  i n  t h e  d i a l y z e d  v i r u s  f r a c t i o n ,  a n d  3 . 0  ml 
1.20 g / m l  CsCl  i n  R b u f f e r  a s  t h e  t o p  c o m p o n e n t ) .  The g r a d i e n t  was 
c e n t r i f u g e d  4 8  h a t  20 C  a n d  35,000 rpm i n  a  Beckman SW-41 r o t o r .  
F r a c t i o n s  w e r e  c o l l e c t e d  f rom t h e  b o t t o m  a n d  a s s a y e d  f o r  i n f e c t i v i t y .  
The f r a c t i o n s  c o n t a i n i n g  t h e  maximum a c t i v i t y  w e r e  p o o l e d .  The CCL, 
armLonium s u l f a t e  p o o l ,  and  t h e  CsCl p o o l  were a s s a y e d  f o r  p r o t e i n ,  
i n f e c t i v i t y ,  a n d  r a d i o a c t i v i t y .  The p e r c e n t  r e c o v e r y  a n d  s p e c i f i c  
r a d i o a c t i v i t y  were c a l c u l a t e d .  
R )  35-S l a b e l e d  CB3 was p r e p a r e d  f r o m  BGM c e l l s  grown on two  r o l l e r  
b o t t l e s .  The c e l l s  were  l a b e l e d  u s i n g  100 m i c r o c u r r i e s  o f  35-5 
m e t h i o n i n e  i n  a  medium c o n t a i n i n g  0.1% NBCS d i a l y z e d  a g a i n s t  PBS. 
~ h ~  
c e l l s  were t r e a t e d  w i t h  SDS a n d  t h e  CCL p r e p a r e d  a s  i n  M a t e r i a l s  a n d  
Methods .    he p e l l e t i z e d  v i r u s  was r e s u s p e n d e d  and  l a y e r e d  a s  a b o v e  o n t o  
d i s c o n t i n u o u s  CsCl  g r a d i e n t s  which were c e n t r i f u g e d  a s  i n  A .  
~h~ peak 
' :  I.-s ! .:.I sr.-.t-i-; c . r - ] , T J , q  ., f-?i<i::f:-t.>d a q a i n s t  R b u f f e r  w / o  glycerol a n d  0.4 ml 
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by SDS e x t r a c t i o n  o f  i n f e c t e d  c e l l s  a n d  c e l l u l a r  d e b r i s  f o l l o w e d  by 
d i a l y s i s  t o  remove t h e  SDS. L a y e r i n g  8mg o f  p r o t e i n  i n  t h i s  f r a c t i o n  
o n t o  an l l m l  cesium c h l o r i d e  g r a d i e n t  r e s u l t e d  i n  a 4 4 %  r e c o v e r y  o f  
p u r i f i e d  v i r u s .  I n  B, t h e  c e l l s  w e r e  i n f e c t e d  u s i n g  DMEM c o n t a i n i n g  
0 .1% NBCS o r  a  5 0 - f o l d  r e d u c t i o n  i n  s e r u m  p r o t e i n s .  C e l l s  a n d  d e b r i s  
w e r e  e x t r a c t e d  wi th  S D S  i n  t h e  u s u a l  manner  a n d  t h e  v i r u s  was c o l l e c t e d  
by c e n t r i f u g a t i o n .  The  a p p l i c a t i o n s  of 4 . 0  mg o f  p r o t e i n  t o  11 m l  
ces ium c h l o r i d e  g r a d i e n t s  r e s u l t e d  i n  t h e  r e c o v e r y  o f  4 3 %  o f  t h e  t o t a l  
i n f e c t i v i t y .  I n  C ,  n o  serum was u s e d  i n  t h e  i n f e c t i o n  a n d  t h e  y i e l d  was 
approx ima te ly  6 7 % .  I n  t h e s e  t h r e e  p r o c e d u r e s  t h e  o v e r a l l  a v e r a g e  y i e l d  
of i n f e c t i v i t y  t h r o u g h  c e s i u m  c h l o r i d e  was 5 1 % .  
The p o l y p e p t i d e  components  o f  t h e  v a r i o u s  p r e p a r a t i o n s  were 
de t e rmined  by SDS-gel e l e c t r o p h o r e s i s .  E s t i m a t e s  o f  t h e  v i r u s  p u r i t y  
w i t h i n  t h e s e  p r e p a r a t i o n s  c o u l d  b e  o b t a i n e d  f rom s t r u c t u r a l  s t u d i e s  o f  
h i g h l y  p u r i f i e d  p i c o r n a v i r u s e s  a n d ,  i n  p a r t i c u l a r ,  f o r  C33 it i s  known 
t h a t  t h i s  v i r u s  c o n t a i n s  o n l y  f o u r  d i f f e r e n t  s t r u c t u r a l  p o l y p e p t i d e s  i n  
equimolar  amounts ( 3 7 ) .  A n y  o t h e r  p o l y p e p t i d e s  o b s e r v e d  i n  t h e  
e l ec t rophe rograms  a r e  c o n s i d e r e d  i m p u r i t i e s  . 
 isc continuous m e t r i z a m i d e  g r a d i e n t s  o f  t h e  PEG p r e c i p i t a t e d  CCL 
f r a c t i o n  produced t h e  r e s u l t s  i n  F i g u r e  2 .  The l a r g e s t  amounts  of  
v i r u s ,  1.2X108 p fu ,  was f o u n d  a t  t h e  45% met r i za rn ide  i n t e r f a c e .  L e s s e r  
,-i7n(;.LLi-it-s e;y- h <;f t:r:2 ,:;:t:cr f r a c t i s = . , y .  hrq f r d c t i . ? r :  was f~%~.!nr! t? 
J a e g e n d  t o  F i g u r e  2. D i s c o n t i n u o u s  r n e t r i z a m i d e  g r a d i e n t s  o f  p e l l e t i z e d  
a n d  r e s u s p e n d e d  c l a r i f i e d  c e l l  l y s a t e s .  A p r e p a r a t i o n  o f  P E G ,  
p e l l e t i z e d  a n d  r e s u s p e n d e d  (#3  o f  T a b l e  V I )  CCL, was  m i x e d  w i t h  a 
p r e p a r a t i o n  o f  35-5  m e t h i o n i n e  l a b e l e d  c e l l  l y s a t e .  T h e r e  w e r e  a  t o t a l  
o f  3 . 5 ~ 1 0 ~  p f u  a n d  2 . 6 ~ 1 0 ~  TCA p r e c i p i t a b l e  c o u n t s  p e r  m i n u t e  of l a b e l  
p l a c e d  o n  t h e  d i s c o n t i n u o u s  m e t r i z a m i d e  g r a d i e n t  ( 1 . 5  r n l  6 0 %  m e t r i z a r n i d e  
i n  R b u f f e r  a s  t h e  b o t t o m  l a y e r ,  2 . 0  rn l  4 5 %  m e t r i z a m i d e  a s  t h e  m i d d l e  
l a y e r ,  a n d  t h e  r e m a i n i n g  7 . 5  m l  was v i r u s  m i x t u r e  d i l u t e d  w i t h  R 
b u f f e r ) .  The t o t a l  p r o t e i n  a p p l i e d  t o  t h e  g r a d i e n t  was 1 4 . 6  mg. T h e  
g r a d i e n t  was s p u n  f o r  3 . 5  h a t  3 6 , 0 0 0  r p m  a t  4 C In a SW-41 r o t o r .  
F r a c t i o n s  w e r e  c o l l e c t e d  by a s p i r a t i o n  w i t h  P a s t e u r  p i p e t t e s .  The  t o t a l  
r e c o v e r y  o f  p f u  w a s  7 8 % ,  a n d  t h e  r e c o v e r y  o f  l a b e l  6 4 % .  The  r e c o v e r y  o f  
i n f e c t i v i t y  i n  t h e  p e a k  f r a c t i o n  was 3 4 % .  
MIXTURE 
i I,,--. , 
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F r a c t i o n  Fract i on  Total T o t a l  I n f ec t i v i t y  in ( 
Voluw Virus Label Fraction 
( d l  ( p f u )  I cpm ( 8  of total)  
A 1 .3  8 . 5 x 1 o 7  6 . 9 X 1 0 6  3 1 
B 4 . 8  4 . 1 ~ 1 0 ~  6 . 1 ~ 1 0 ~  1 5  
8 (1) The T o t a l  I n f e c t i v i t y  Recovered (100%) was  2 .7  X 1 0  pfu. 
be f r e e  of v i r u s  a s  might b e  e x p e c t e d  f o r  a  v i r u s  t r a p p e d  i n  v a r i o u s  
amounts of c e l l u l a r  d e b r i s  wi th  a v a r y i n g  d e n s i t y .  The y i e l d  of 
i n f e c t i v i t y  i n  t h e  peak f r a c t i o n ,  w i t h  r e s p e c t  t o  t h e  t o t a l  v i r u s  
r e c o v e r e d ,  was 3 4 % .  T h i s  v a l u e  i s  q u i t e  comparable t o  t h e  2 4 %  r e p o r t e d  
i n  T a b l e  7 .  
The peak f r a c t ~ o n s ,  however, were by no means p u r e .  From a  
summation o f  r a d i o a c t i v i t y  of f r a c t i o n s  o b t a i n e d  from g e l  
e l e c t r o p h o r e s i s  of t h e  d i s c o n t i n u o u s  metr lzamide g r a d i e n t  f r a c t i o n s ,  
F i g u r e  3, t h e  v i r u s  was maximally 10% p u r e .  T h i s  c a l c u l a t i o n  maximizes 
t h e  p u r i t y  of  t h e  v i r u s  due t o  t h e  f a c t  t h a t  on ly  a  smal l  p r o p o r t i o n  of  
1 0 %  of t h e  l a b e l  i n  t h e  p o s i t i o n s  o f  VP1,  V P 2 ,  and VP3 c o u l d  r e p r e s e n t  
v i r a l  p o l y p e p t i d e s .  Other  c e l l u l a r  con taminan ts  may have t h e  same 
a p p a r e n t  m o l e c u l a r  weight and m i g r a t e  t o  t h e  same p o s i t i o n .  The major 
c o n t a m i n a n t s  appeared  a t  43 k d  and 5 6  kd. There was a l s o  a  l a r g e  amount 
of c o n t a m i n a t i n g  p r o t e i n  t h a t  would not p e n e t r a t e  i n t o  t h e  t o p  of t h e  
g e l .  
Cesium c h l o r i d e  g r a d i e n t s  of CB3 c o n c e n t r a t e d  from CCL f r a c t i o n s  
p roduced  b o t h  a 3 5 - S  meth ion lne  l a b e l e d  p r o t e i n  p a t t e r n  and a  CB3 
i n f e c t i v i t y  p a t t e r n  which peaked a t  approx imate ly  1 .34 g / z c  ( ~ i g u r e  4 ) .  
The p e a k s  of  t h e  rnethionine  l a b e l  and i n f e c t i v i t y  were not  i d e n t i c a l  i n  
s h a p e  and  d i d  n o t  symmet r ica l ly  o v e r l a p .   his f i n d i n g  i n d i c a t e s  some 
i m p u r i t y  i n  t h e  g r a d i e n t  p u r i f l e d  v i r u s .  
Legend t o  F iqu re  3 .  SDS-PAGE of G f r a c t i o n  from metrizamide g r a d i e n t  
( F i g u r e  2 ) .  F r a c t i o n  C (50 m i c r o l i t e r s )  was mixed wi th  SDS sample 
b u f f e r ,  hea t ed  and 25 m i c r o l i t e r s  were a p p l i e d  t o  t h e  10% po lyac ry lamide  
g e l  and r e s o l v e d  a s  i n  M a t e r i a l s  and Methods. The amount of l a b e l  
a p p l i e d  was 5 . 9 ~ 1 0 ~  cpm. The g e l  was s l i c e d ,  d i s s o l v e d  and 
r a d i o a c t i v i t y  de termined a s  i n  M a t e r i a l s  and Methods. The p e r c e n t  
r ecove ry  of l a b e l  was 57%.  Marker molecular  weight p r o t e i n s  i n  a d j a c e n t  
l a n e s  were used  t o  a s s i g n  p o s i t i o n s  of VP1, V P 2 ,  and V P 3 .  

Legend Lo F i g u r e  4 .  CsCl g r a d i e n t  c e n t r i f u g a t i o n  of p e l l e t i z e d  v i r u s  
r e s u s p e n d e d  i n  R b u f f e r  w i t h  g l y c e r o l .  A sample ( 1 . 0  m l )  o f  p r e p a r a t i o n  
9 v i r u s  ( T a b l e  6 )  was mixed w i t h  p e l l e t i z e d  and r e s u s p e n d e d  v i r u s  f r o m  a  
p r e p a r a t i o n  l a b e l e d  w i t h  35 -5  m e t h i o n i n e .  T o t a l  l a b e l  a p p l i e d  t o  t h e  
g r a d i e n t  was 1 . 8 ~ 1 0 ~  cpm. The t o t a l  i n f e c t i v i t y  a p p l i e d  was 3 . 8 ~ 1 0 ~  
p f u .  T h e  v ~ r u s  m i x t u r e  w a s  d i l u t e d  t o  5 . 0  m l  i n  R b u f f e r  a n d  s o l i d  CsCl  
c r y s t a l s  were added t o  y i e l d  an a v e r a g e  d e n s i t y  o f  1 . 3 0  g/rnl.  The 
g r a d i e n t  was spun f o r  7 2  h a t  3 5 , 0 0 0  rpm i n  t h e  SW-41 rotor a t  1 0  C. 
F r a c t i o n s  c o l l e c t e d  f rom t h e  t u b e  bo t tom were a s s a y e d  f o r  i n f e c t i v i t y ,  
r a d i o a c t i v i t y ,  a n d  d e n s i t y .  The r e c o v e r y  of r a d i o a c t i v i t y  was 61% a n d  
t h e  r e c o v e r y  of i n f e c t i v i t y  was 29%. 
Fraction Number 
SDS-gel e l e c t r o p h o r e s i s  Of f r a c t i o n s  a c r o s s  t h e  p e a k  of c e s i u m  
g r a d i e n t  p u r i f i e d  v i r u s  r e v e a l e d  a l a r g e  number of nonviral 
proteins ( F i g u r e  5 )  - Only l a n e  6, c o r r e s p o n d i n g  t o  f r a c t i o n  11 on t h e  
l e a d i n g  s i d e  o f  t h e  i n f e c t i v i t y  p e a k ,  was s u f f i c i e n t l y  p u r e  t o  c l e a r l y  
i d e n t i f y  V P ~ ,  V P ~ ,  a n d  V P 3 .  VP4, t h e  s m a l l e s t  o f  t h e  CB3  s t r u c t u r a l  
p o l y p e p t i d e s  c o n t a i n s  o n l y  1-2  m e t h i o n i n e  r e s i d u e s  ( 4 3 )  a n d  c a n n o t  b e  
o b s e r v e d  on g e l  r a d i o a u t o g r a m s  w i t h o u t  l o n g  e x p o s u r e s .  T h e  p u r i t y  o f  
t h e  v i r u s  i n  l a n e  6 was e s t i m a t e d  a t  4 0 %  b a s e d  on band  d e n s i t y  
m e a s u r e m e n t s .  
Very  c l e a r l y  a n o t h e r  s t e p  i n  t h i s  p u r i f i c a t i o n  p r o c e s s  was 
n e c e s s a r y  t o  o b t a i n  p u r e  v i r u s .  R a t e  z o n a l  c e n t r i f u g a t i o n  was s e l e c t e d  
a s  t h e  n e x t  s t e p  i n  t h e  p u r i f i c a t i o n  p r o c e s s .  S u c r o s e  g r a d i e n t s  were 
u s e d  t o  f u r t h e r  p u r i f y  c e s i u m  c h l o r i d e  g r a d i e n t  r e s o l v e d  CB3 ( F i g u r e  6 1 .  
The s u c r o s e  g r a d i e n t  shown i n  F i g u r e  6 r e v e a l s  a n  i d e n t i c a l ,  
s y m m e t r i c a l ,  c o m i g r a t i o n  o f  l a b e l  a n d  i n f e c t i v i t y  which i s  w e l l  r e s o l v e d  
f r o m  o t h e r  l a b e l e d  p r o t e i n .  The p e a k  f r a c t i o n s  o f  i n f e c t i v i t y  were 
p o o l e d  ( f r a c t i o n s  8-11)  a n d  were a n a l y s e d  by  g e l  e l e c t r o p h o r e s i s  
( ~ i g u r e  7 ) .  VP1, VP2, VP3, a n d  VP4 a r e  c l e a r l y  r e s o l v e d .  'The p u r i t y  
e s t i m a t e d  f r o m  t h e  l a b e l  i n  t h e  b a n d s  r e l a t i v e  t o  t o t a l  l a b e l  r e c o v e r e d  
on t h e  gel was g r e a t e r  t h a n  9 5 % .  T h i s  r a t e  z o n a l  a n d  i s o ~ ~ c n i c  g r a d i e n t  
p u r i f i e d  virus c o u l d  b e  s t o r e d  a t  -20  C f o r  2 months  w i t h o u t  l o s s  in 
infectivity a n d  was susbquen t ly  shown b y  o t h e r s  i n  t h i s  l a b o r a t o r y  t o  be 
nd to Flaure 5, SDS-PAGE radioautogram of a sample from the CsCl 
gradient (Figure 4 ) .  Sample (50 microliters) from fractions 11, 12, 13, 
14, 16, and 18 and a pool of fractions 11, 12, 13, and 14 were mixed 
with 10X SDS-PAGE sample buffer (5 microliters) and resolved on a 12.5% 
SDS-gel as in Materials and Methods. The gel was dried and an 
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L e ~ e n d  t o  F i a u r e  6 .  S u c r o s e  g r a d i e n t  r e s o l u t i o n  o f  CsCl p o o l e d  CB3. 
Dia lyzed ,  p o o l e d  CB3 ( 0 . 4  m l )  from p u r i f i c a t i o n  B ( T a b l e  8 )  was l a y e r e d  
o n t o  a  1 0  t o  3 0 %  l i n e a r  s u c r o s e  g r a d i e n t s  p r e p a r e d  i n  R b u f f e r  a s  
d e s c r i b e d  i n  T a b l e  8 ,  B .  Both r a d i o a c t i v i t y  and  i n f e c t i v i t y  were 
a n a l y z e d .  F r a c t i o n s  8 - 1 1  were poo led ,  d i a l y z e d  a g a i n s t  R b u f f e r  a n d  
s t o r e d  f o r  PAGE a n a l y s i s .  The r e c o v e r y  o f  i n p u t  l a b e l  was 9 8 % .  

t o  F i g u r n  7 .  S D S  p o l y a c r y l a m i d e  g e l  e l e c t r o p h e r o g r a m  of p o o l e d  
s u c r o s e  g r a d i e n t  f r a c t i o n s  8-11 ( F i g u r e  6 ) .  P o o l e d  f r a c t i o n s  
(3 ,000  cpm, 6 . 0  mL f rom 3 s u c r o s e  g r a d i e n t s )  were mixed w i t h  BSA 
(50 micrograms)  and b r o u g h t  t o  a 1 0 %  t r i c h l o r o a c e t i c  a c i d  c o n c e n t r a t i o n .  
The m i x t u r e  was i n c u b a t e d  on I c e  f o r  1 h t h e n  c e n t r i f u g e d  a t  15 ,000  xg 
f o r  30 min a t  0  C .  The s u p e r n a t a n t  was d i s c a r d e d  and  t h e  p e l l e t  r i n s e d  
once  w i t h  e t h e r  and  c o l l e c t e d  by c e n t r i f u g a t i o n  (15 ,000  xg, 30 min,  
0  C ) .  The p e l l e t  was d i s s o l v e d  i n  S D S  sample  b u f f e r  (50 m i c r o l i t e r s ) .  
T h e  r e c o v e r y  of l a b e l  was 8 0 % .  SDS-PAGE was p e r f o r m e d  on 1 2 . 5 %  s l a b  gel 
a s  i n  M a t e r i a l s  and Methods.  The l a n e  c o n t a i n i n g  t h e  l a b e l e d  v i r u s  was 
c u t  i n t o  2 mm s e c t i o n s  and  t h e  r a d i o a c t i v i t y  was d e t e r m i n e d  a s  d e s c r i b e d  
i n  M a t e r i a l s  a n d  Methods.  The f i n a l  r e c o v e r y  w a s  7 1 %  o f  t h e  i n p u t  
l a b e l .  
Gel 1 
Gel Fraction 
useful in the study of virus adsorption to BGM cells (C. Teguh, personal 
communication) . 
The s u b j e c t  of t h i s  s tudy  h a s  b e e n  t h e  deve lopmen t  o f  p r o c e d u r e s  
and t e c h n i q u e s  f o r  t h e  p u r i f i c a t i o n  of C83 t o  homogene i ty .  U s i n g  
techniques of d i f f e r e n t i a l ,  i sopycnic ,  a n d  r a t e  z o n a l  c e n t r i f u g a t i o n  CB3 
h a s  been p u r i f i e d  s u f f i c i e n t l y  s o  t h a t  t h e  v i r u s  was more t h a n  95% 
homogeneous a s  measured by SDS-PAGE. The  y i e l d  o f  v i r u s  t h r o u g h  t h e  
p u r i f i c a t i o n  has been g r e a t e r  t han  4 0 % .  Dur ing  t h e  p e r i o d  o f  t i m e  t o  
t h e  complet ion of t h e  p u r i f i c a t i o n  p r o c e s s  a number o f  p a r a m e t e r s  
r e g a r d i n g  t h e  a s s a y  of CB3,  i t s  y i e l d  f r o m  v a r i o u s  ce l l  t y p e s  a n d  t h e  
i n t e r a c t i o n  of CB3 wi th  BGM c e l l s  w e r e  s t u d i e d .  
The p laque  a s s a y  of CB3 was a  m o d i f i c a t i o n  o f  t h e  p r o c e d u r e  
o r i g i n a l l y  r e p o r t e d  by Lewis e t  a l .  ( 4 0 ) .  CB3 was a l l o w e d  t o  i n t e r a c t  
w i t h  c e l l s  a t  o r  nea r  confluency f o r  9 0  min i n  s t a n d a r d  DMEM g r o w t h  
medium c o n t a i n i n g  5% NBCS. The i n c u b a t i o n  w a s  c a r r i e d  o u t  i n  a  C02 
i n c u b a t o r  a t  37 C with  p l a t e  rocking a t  15 rnin i n t e r v a l s .  The volume of 
t h e  i n c u b a t i o n  mixture  was approximate ly  0 . 1  t h e  amount u s u a l l y  
m a i n t a i n e d  i n  t h e  p l a t e  o r  f l a s k  t o  i n c r e a s e  t h e  p r o b a b i l i t y  o f  v i r u s  
and c e l l  interactions. Although serum was n o t  n e c e s s a r y  f o r  maximal 
i n f e c t i o n ,  r t  was found not  t o  i n t e r f e r e  w i t h  t h e  i n f e c t i o n  p r o c e s s .  
The major  advantage of serum use Was t h a t  t h e  p r o t e i n  c o n c e n t r a t i o n  
reduced n o n s p e c i f i c  b ind ings  a£ CB3 w i t h  g l a s s ,  m i c r o p i p e t  p l a s t i c s ,  
petri dishes and t i s s u e  c u l t u r e  f l a s k s  t h e m s e l v e s .  Thus,  t h e  
of t h e  a s s a y  used i n  t h e s e  s t u d i e s  w a s  h i g h .  The 
v a r i a t i o n  i n  r e p l i c a t e  a s says  was found t o  b e  o n l y  15%. 
Under t h e  cond i t ions  of t h e  s t a n d a r d  a s s a y  d e v e l o p e d  i n  t h i s  
t h e s i s ,  l i n e a r i t y  was achieved between 5 a n d  8 0 0  p l a q u e s  on 5 5  cm 2 
p l a t e s .  The use  of t h e  i n v e r t e d  mic roscope  f a c i l i t a t e d  t h e  a s s a y  as  
p l a q u e s  could  be  counted e a r l y  when t h e y  w e r e  a m a l l .  By w a i t i n g  u n t i l  
t h e  p l aques  became macroscopic, t h e  l i n e a r i t y  o f  t h e  a s s a y  f e l l  o f f  
beyond 80 p laques  p e r  55 cm2 p l a t e .  In a n y  r e g a r d  t h e  l i n e a r i t y  
i n d i c a t e s  s i n g l e  h i t  k i n e t i c s  f o r  t h e  v i r u s  unde r  t h e  s t a n d a r d  
c o n d i t i o n s  of t h e  a s say .  
The e f f i c i e n c y  of v i r u s  a d s o r p t i o n  t o  ce l l s  is u s u a l l y  measu red  
u s i n g  p u r i f i e d  r ad io l abe led  v i r u s  (34, 3 7 )  . I n  s u c h  s t u d i e s ,  known 
amounts of s t o c k  v i r u s  a r e  added to c e l l s  u n t i l  s a t u r a t i o n  i s  a c h i e v e d .  
Through t h e s e  experiments  i t  has been d e t e r m i n e d  t h a t  CB3 a d s o r b s  t o  
Hela c e l l s  i n  a  r a t i o  of 100,000 p a r t i c l e s  p e r  c e l l  (31) . T h i s  f i n d i n g  
has  been d i spu ted  microscopica l ly  (44) . T h e  d i f f i c u l t y  is  t h a t  s u c h  
exper iments  con ta in  mixtures of v i r u s e s ,  some c a p a b l e  o f  i n i t i a t i n g  
i n f e c t i o n ,  while  most a r e  incapable  o f  c a u s i n g  i n f e c t i o n .  Under t h e  
b e s t  of  p u r i f i c a t i o n s  only 1 i n  100 v i r u s e s  w i t h i n  p u r i f i e d  s t o c k s  is 
capab le  of caus ing  i n f e c t i o n .  
I n  t h e  adsorpt ion  experiment r e p o r t e d  h e r e i n ,  t h e  a d s o r p t i o n  
e f f i c i e n c y  of  i n f e c t i o u s  p a r t i c l e s  was e s t a b l i s h e d  t h r o u g h  t h e  
measurement of v i r u s  added t o  c u l t u r e s  and  r ema in ing  i n  t h e  same 
c u l t u r e s  fo l lowing s t anda rd  adso rp t ion  p e r i o d s .  T h i s  a p p r o a c h  i s  a n  
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improvement i n  t h a t  o n l y  v i r u s  p a r t i c l e s  c a p a b l e  of  c a u s i n g  i n f e c t i o n  
a r e  measured .  The a d s o r p t i o n  of CB3 t o  BGM was no t  comple te  a f t e r  1.5 h 
of i n c u b a t i o n .  Approximately 78% of  t h e  v i r u s  was adsorbed .  N e i t h e r  
r e d u c i n g  t h e  p e r i o d  of a d s o r p t i o n  t o  1 h, o r  i n c r e a s i n g  i t  t o  4 h  
changed  t h e  a d s o r p t i o n  l e v e l  o f  CB3 (Data no t  r e p o r t e d )  . 
C33  r e l e a s e  from BGM c e l l s  was accomplished by one  of  t h r e e  
me thods - f r eez ing  and thawing, h igh  s a l t  e x t r a c t i o n ,  o r  SDS l y s i s .  
~ r e e z i n g  and  thawing  c e l l s  one, two, o r  t h r e e  t i m e s  r e l e a s e d  a maximum 
of  1 0  t o  1 4  i n f e c t i o u s  v i r u s e s  p e r  BGM c e l l .  The o v e r a l l  ave r age  f o r  
f r e e z i n g  and thawing  one, two, o r  t h r e e  t imes  was 4 . 1  v i r u s e s  p e r  c e l l .  
Two  c y c l e s  of  f r e e z i n g  and thawing r e l e a s e d  more v i r u s e s  t h a n  d i d  a  
s i n g l e  c y c l e ,  however, t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  y i e l d  
between two and t h r e e  c y c l e s  of f r e e z i n g  and  thawing.  
M u l t i p l e  h i g h  s a l t  e x t r a c t i o n s  of BGM c e l l s  i n f e c t e d  w i t h  CB3 
p roduced  y i e l d s  which were no t  s i g n i f i c a n t l y  d i f f e r e n t  f rom f r e e z i n g  and 
t hawing  one, t w o ,  o r  t h r e e  t i m e s .  However, s a l t  e x t r a c t i o n s  of  c e l l  
p e l l e t s  r e s u l t i n g  from c e n t r i f u g a t i o n  of  c l a r i f i e d  c e l l  l y s a t e s  r e s u l t e d  
i n  t h e  r e l e a s e  of  approximate ly  2 4 %  more i n f e c t i o u s  v i r u s .  T h i s  
a d d i t i o n a l  v i r u s  was p o t e n t i a l l y  i o n i c a l l y  bound t o  o r  mechan i ca l l y  
t r a p p e d  by c e l l u l a r  d e b r i s .  Approximately 5% of a s s a y a b l e  v i r u s  Le f t  i n  
t h e  p e l l e t  was n o t  e x t r a c t e d .  The t o t a l  amount of  i n f e c t i o u s  v i r u s  
r e l e a s e d  p e r  c e l l  d u r i n g  m u l t i p l e  h igh  s a l t  e x t r a c t i o n s  was 8 . 6  o r  about  
t w i c e  t h a t  f o r  t h e  ave r age  of t h e  f r e e z i n g  and thawing methods. 
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SDS i n  R b u f f e r  wi th  2- rpercaptoe thanal  was a l s o  u s e d  t o  release 
CB3 from BGM cells.  The procedure r e l e a s e d  be tween  1 8  t o  29  v i r u s e s  p e r  
ce l l ,  a  c o n s i d e r a b l e  improvement ove r  t h e  4.1 v i r u s  per ce l l  a v e r a g e  
ach ieved  by f r e e z i n g  and thawing. C e l l  l y s i s  by SDS l e f t  l i t t l e  
c e l l u l a r  d e b r i s  mic roscop ica l ly  v i s i b l e .  F r e e z i n g  a n d  t h a w i n g  a n d  
m u l t i p l e  h igh  s a l t  e x t r a c t i o n s  both lef t  large amounts c e l l u l a r  d e b r i s  
which cou ld  be sedimented by low s p e e d  c e n t r i f u g a t i o n .  I t  i s  p r o b a b l e  
t h a t  SDS reduced t h e  amount of c e l l u l a r  d e b r i s  c a p a b l e  o f  t r a p p i n g  cf33 
and  a l s o  d i s r u p t e d  i o n i c  i n t e r a c t i o n s  b i n d i n g  t h e  v i r u s  t o  p a r t i c u l a t e  
m a t e r i a l .  
Three methods were used and compared t o  c o n c e n t r a t e  CB3 f r o m  t h e  
c l a r i f i e d  c e l l  l y s a t e .  Use of p o l y e t h y l e n e  g l y c o l  p r e c i p i t a t i o n  as  
d e s c r i b e d  by Abraham and Colonno ( 3 4 )  r e s u l t e d  i n  a  b r o a d  r a n g e  o f  
i n f e c t i v i t y  recovery (11 t o  9 8 % )  . Ammonium s u l f a t e  p r e c i p i t a t i o n  o f  
p r o t e i n a c e o u s  m a t e r i a l  from t h e  c l a r i f i e d  c e l l  l y s a t e  p r o d u c e d  
r e c o v e r i e s  of 68 and 1 1 9 % .  Virus p e l l e t i z a t i o n  b y  c e n t r i f u g a t i o n  
r e s u l t e d  i n  an average recovery of 9 8 . 4 %  o f  t h e  i n £  e c t i v i t y  o r i g i n a l l y  
i n  t h e  c l a r i f i e d  c e l l  l y s a t e s .  Because of  t h e  s i m p l i c i t y  a n d  t h e  
r e l a t i v e  speed with which c e n t r i f u g a t i o n  c a n  b e  c o m p l e t e d ,  
c e n t r i f u g a t i o n  was chosen a s  one of t h e  p r i m a r y  s t e p s  i n  t h e  
p u r i f i c a t i o n  p roces s .  
The i sopycnic  g rad i en t  c e n t r i f u g a t i o n  methods  u s e d  f o r  r e s o l v i n g  
CB3 r e s u l t e d  i n  v a r i a b l e  pe rcen t  y i e l d s  of v i r u s  i n f e c t i v i t y  r e c o v e r e d .  
Cesium chlori .de g r a d i e n t s  were per formed by  p r e p a r i n g  d e n s i t y  s t e p s  of  
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cesium i n  b u f f e r  w i t h  one d e n s i t y  s t e p  (1.30 g / r n l )  c o n t a i n i n g  a  
concentrated v i r u s  s u s p e n s i o n .  By u s i n g  d e n s i t y  steps o f  1-40 g / m l ,  
g/mlr and  1-20 g/ml,  e q u i l i b r i u m  was a c h i e v e d  i n  t h e  s h o r t e s t  
o f  t i m e .  Cesium g r a d i e n t s  p e r f o r m e d  i n  t h i s  m a n n e r  y i e l d e d  
r e c o v e r i e s  between 4 a n d  35% (Table 7 )  . 
Metr izamide  g r a d i e n t s  w e r e  done  u s i n g  e i t h e r  d e n s i t y  s t e p  or  
p o u r e d  l i n e a r  g r a d i e n t s .  Metr izamide s t e p  g r a d i e n t s  were p e r f o r m e d  b y  
l a y e r i n g  3.0 ml of 2 0 %  metr izamide o n t o  1 . 5  ml o f  60% m e t r i z a m i d e  i n  t h e  
b o t t o m  of a  c e n t r i f u g e  tube. The c o n c e n t r a t e d  v i r u s  s u s p e n s i o n  was t h e n  
l a y e r e d  o v e r  t h e  two l a y e r s  of m e t r i z a m i d e .  L i n e a r  rne t r i zami .de  
g r a d i e n t s  were performed by pour ing  a  20-60% l i n e a r  m e t r i z a m i d e  g r a d i e n t  
u s i n g  a  g r a d i e n t  forming d e v i c e .  A c o n c e n t r a t e d  v i r u s  s u s p e n s i o n  was 
t h e n  c a r e f u l l y  l a y e r e d  o n t o  t h e  t o p  o f  t h e  l i n e a r  g r a d i e n t .  M e t r i z a m i d e  
g r a d i e n t s  pe r formed  by e i t h e r  of  t h e s e  t w o  m e t h o d s  y i e l d e d  i n f e c t i v i t y  
r e c o v e r i e s  between 4 and 24% (Table  7 ) .  The y i e l d s  f o r  b o t h  c e s i u m  a n d  
m e t r i z a m i d e  p r o c e d u r e s  were d i s a p p o i n t i n g  . 
The h i g h e r  r e c o v e r i e s  i n  b o t h  c a s e s  w e r e  mos t  l i k e l y  d u e  t o  a 
l o w e r  amount of t o t a l  p r o t e i n  i n  t h e  g r a d i e n t  ( T a b l e s  7 a n d  8 ) .  C e s i u m  
c h l o r i d e  i s o p y c n i c  c e n t r i f u g a t i o n  d i d  a p p e a r  t o  be a b l e  t o  r e s o l v e  C B 3  
in h i g h e r  p r o t e i n  c o n c e n t r a t i o n s  t h a n  m e t r i z a m i d e  ( T a b l e  7 )  . I n  any 
regard, t h i s  d a t a  i n d i c a t e d  t h a t  r e c o v e r i e s  o f  v i r u s  c o u l d  be i m p r o v e d  
by r e d u c i n g  t h e  t o t a l  amount of p r o t e i n  a p p l i e d  t o  t h e  g r a d i e n t .  
u s i n g  t h e  i n f o r m a t i o n  g a t h e r e d  i n  t h e  e a r l y  s t u d i e s  a n d  i n c l u d i n g  
the p o s s i b l l j t ~  of  h igh  protein c o n c e n t r a t i o n  i n t e r f e r e n c e  w i t h  
isopycnic g r a d i e n t  c e n t r i f u g a t i o n  t h r e e  s e p a r a t e  p u r i f i c a t i o n s  w e r e  
conducted t h rough  t h e  ces ium c h l o r i d e  step ( T a b l e  8 )  . The  f i r s t  
P rocedu re  r e l e a s e d  t h e  v i r u s  from t h e  i n f e c t e d  c e l l  m o n o l a y e r s  by SDS 
l y s i s -  The cells were grown and i n f e c t e d  i n  m e d i a  w i t h  t h e  n o r m a l  5% 
bov ine  s e r a .  CB3 was p r e c i p i t a t e d  b y  a d d i n g  e q u a l  vo lumes  o f  room 
t e m p e r a t u r e  s a t u r a t e d  ammonium s u l f a t e .  The  p r e c i p i t a t e d  v i r u s  w a s  
c o l l e c t e d  by c e n t r i f u g a t i o n ,  r e s u s p e n d e d  a n d  d i a l y z e d ,  a n d  l a y e r e d  o n t o  
a  d i s c o n t i n u o u s  cesium c h l o r i d e  g r a d i e n t .  The t o t a l  y i e l d  o f  
i n f e c t i v i t y  was 4 4 % .  
The second  procedure  used CB3 which  h a d  b e e n  p r o p a g a t e d  i n  BGM 
cel ls  u s i n g  0 . 1 %  NBCS o r  1 /50  t h e  n o r m a l  amount  o f  s e r u m  p r o t e i n s .  The 
v i r u s  was r e l e a s e d  from t h e  BGM c e l l s  b y  SDS t r e a t m e n t  a n d  c o n c e n t r a t e d  
by c e n t r i f u g a t i o n .  The c o n c e n t r a t e d  v i r u s  was t h e n  l a y e r e d  o n t o  
d i s c o n t i n u o u s  cesium g r a d i e n t s  a t  a  c o n c e n t r a t i o n  wh ich  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from t h e  f i r s t  p r o c e d u r e .  The r e c o v e r y  was 4 3 % .  
I n  t h e  l a s t  p rocedure ,  t h e  v i r u s  was p r o p a g a t e d  w i t h o u t  t h e  u s e  o f  
serum i n  DMEM. CB3 was r e l e a s e d  b y  SDS t r e a t m e n t  a n d  c o n c e n t r a t e d  by 
c e n t r i f u g a t i o n  a s  b e f o r e .  The c o n c e n t r a t e d  v i r u s  s u s p e n s i o n  w i t h  a  
l ower  amount of p r o t e i n  was t hen  l a y e r e d  on  a  d i s c o n t i n u o u s  c e s i u m  
c h l o r i d e  g r a d i e n t .  The recovery  o f  i n f e c t i v i t y  f o r  t h i s  p r o c e d u r e  was 
6 7 % .  ~ u r t h e r m o r e ,  by expanding t h e  z o n e  o f  r e c o v e r y  by s e v e r a l  
f r a c t i o n s  on e i t h e r  side of t h e  p e a k ,  mos t  a l l  o f  t h e  i n f e c t i v i t y  c o u l d  
b e  r ecove red .  
6 2 
The virus Preparations were analyzed by SDS gel electrophoresis to 
estimate the extent of virus homogeneity. The peak virus fractions from 
either Cesium or metrizamide gradients were not sufficiently Pure to be 
used in receptor-binding experiments. Many other polypeptide bands were 
present on the electropherograms besides those of the four known virus 
structural polypeptides. The purity varied greatly for the various 
preparations, however, cesium chloride isopycnic methods appeared to 
produce virus with the highest degree of purity. 
In the study in which the serum was omitted from the infected cells, 
the peaks of 35~-methionine and of infectivity are slightly off set 
(Fig.4). This finding suggests non-homogeneity, a finding which was 
conf irmed by SDS-PAGE (Fig. 5 )  . Thus another step was added to the 
purification process. A rate, zonal centrifugation through a 10-309 
linear sucrose gradient was performed subsequent to isopycnic 
centrifugation in cesium chloride. Analyses of these gradients 
demonstrated co-migration of 35~-rnethionine and of virus infectivity. 
Furthermore, the virus was nearly (95%) homogeneous as measured by SDS- 
PAGE methods. 
One question that arises is, why were so few infectious viruses 
produced by BGM and other cells? Other cell lines or laboratories have 
reported greater yields, for example, 3 3 5  CB3 particles per HeLa cell 
(391, 140 CB3 particles per YAC-1 mouse cell ( 4 5 )  , and, more 
importantly, 100 CB3 particles per BGM cell (David P. Schnurr, personal 
 he highest ratio of virus produced per cell that this 
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lab obtained f o r  C83 on BGM c e l l s  was 29 u s i n g  t h e  SDS p r o c e d u r e .  
Severa l  s o l u t i o n s  t o  t h i s  ques t ion  are p o s s i b l e .  A l though  n o n s p e c i f i c  
n u c l e a s e s  and i n t e r f e r o n s  a r e  p o t e n t i a l  c a n d i d a t e s  f o r  t h e  i n a c t i v a t i o n  
of  v i r u s  o r  t h e  prevent ion  of v i r u s  r e p l i c a t i o n ,  r e s p e c t i v e l y ,  it i s  
u n l i k e l y  t h a t  t h e s e  would be d i f f e r e n t i a l l y  a c t i v e  i n  t h i s  CB3-BGM 
System and no t  i n  t hose  l i s t e d  above.  ~t i s  p o s s i b l e ,  however,  t h a t  t h e  
CB3 v i r i o n s  may have been i o n i c a l l y  bound t o  t h e  c e l l  membranes, 
p u r i f i e d  from t h e  s o l u b l e  f r a c t i o n  a n d ,  t h u s ,  r e n d e r e d  u n d e t e c t a b l e  by 
p l aque  a s say  ( 4 6 ) .  I t  i s  a l s o  p o s s i b l e  t h a t  many t h e  v i r i o n s  have  been  
packed t o g e t h e r ,  i . e .  no t  r e l eased  f rom t h e i r  i s o - c r y s t a l l i n e  f a c t o r i e s ,  
r e s u l t i n g  i n  aggregates  which a c t  d u r i n g  p l a q u e  a s s a y  a s  a  s i n g l e  
i n f e c t i o u s  p a r t i c l e  ( 4 0 )  . Both of t h e s e  a r e  q u i t e  p r o b a b l e  b e c a u s e  o f  
t h e  f i n d i n g  of i nc reased  r e l e a s e  of v i r u s  by  S D S .  
High y i e l d s  of v i r u s  from c e l l  l i n e s  a r e  i n v a r i a b l y  t h e  r e s u l t  o f  
s e l e c t i o n  of an adapted v i r u s  t o  a g i v e n  c e l l  l i n e ,  The Nancy s t r a i n  o f  
C 8 3  has  not  been adapted t o  BGM c e l l s .  I t ,  t h e r e f o r e ,  may b e  t h a t  CB3 
cannot  reproduce a s  r e a d i l y  in  BGM ce l l s  a s  it d o e s  i n  HeLa ce l l s  (David  
P. Schnurr ,  pe r sona l  communication). The i s o l a t e  employed i n  t h i s  s t u d y  
was c loned i n  VERO c e l l s  fol lowing i t s  u s u a l  p r o p a g a t i o n  i n  HeLa ce l ls .  
NO a t tempt  t o  s e l e c t  a  c lone  h igh ly  p r o d u c t i v e  i n  BGM c e l l s  w a s  made 
b e f o r e  i n i t i a t i n g  t h e s e  p u r i f i c a t i o n s .  
A second ques t ion  r e l a t e s  t o  how e f f i c i e n t  t h i s  p r o c e d u r e  was 
r e l a t i v e  t o  procedures used by o t h e r  i n v e s t i g a t o r s .  Two common methods  
of a r e  degree of p u r i t y  a n d  p e r c e n t  of  r e c o v e r y .  R e l a t i v e l y  
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few have r epor t ed  both numbers i n  any o f  t h e  a t t e m p t s  a t  
p u r i f i c a t i o n .  C h a t t e r j e e  and Tuchowski r e p o r t e d  p e r c e n t  r e c o v e r i e s  t h a t  
ranged ranged from 67  t o  87% ( 3 9 )  . The d e g r e e  o f  p u r i t y  w a s  no t  
documented. N o  percent  recover ies  were r e p o r t e d  by C r o w e l l  a n d  
Ph i l ip son ,  however, t h e  v i r u s  p u r i f i e d  by t h e i r  p r o c e d u r e s  w a s  g r e a t e r  
t h a n  90% based on SDS poiyacrylarnide e l e c t r a p h e r o g r a m s  (37) . Abraham 
and Colonno repor ted  no numbers f o r  p e r c e n t  r e c o v e r i e s  f o r  t h e i r  
p u r i f i c a t i o n  procedure ( 3 4 )  . However, t h e y  o b t a i n e d  i n f e c t i v i t i e s  more 
t h a n  20 t imes  g r e a t e r  than those  r e c e i v e d  w i t h  ces ium c h l o r i d e  by u s i n g  
metrizamide i sopycnic  c e n t r i f u g a t i o n .  The v i r u s  r e s u l t i n g  f rom 
p u r i f i c a t i o n  with metrizamide was a p p a r e n t l y  of  v e r y  h i g h  p u r i t y .  
The o v e r a l l  percent  v i r u s  recovery  f o r  t h e  p r o c e d u r e s  d e v e l o p e d  i n  
t h i s  l a b  were approximately 40% through t h e  z o n a l  s u c r o s e  g r a d i e n t s .  I n  
t h e  b e s t  of t h e  cesium grad ien t s ,  t h a t  w e r e  n o t  o v e r l o a d e d ,  a  y i e l d  o f  
6 7 %  was achieved.  This recovery i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
t h a t  r epor t ed  by Cha t t e r j ee  and Tuchowski (39) . I t  i s  t o  b e  e x p e c t e d  
t h a t  with h igher  v i r u s  per  c e l l  r a t i o s  t h a t  h i g h e r  v i r u s  r e c o v e r i e s  
could  be ob ta ined .  There were a t  t i m e s  s o  l i t t l e  v i r u s  i n  s e v e r a l  of my 
p u r i f i c a t i o n  a t tempts  t h a t  abso rp t ive  l o s s e s  c o u l d  a c c o u n t  f o r  h a l f  o f  
t h e  t o t a l  v i r u s  a v a i l a b l e .  
The importance o f  t h e  group B c o x s a c k i e v i r u s e s  r e l a t e s  t o  
myocard i t i s .  The  s i x  group B c o x s a c k i e v i r u s e s  (CVB) have  been  shown t o  
cause  v i r a l  myocardit is  ( 4 7 ) .  I n f e c t i o n  o f  m i c e  w i t h  CB3 h a s  s u p p o r t e d  
the etiology of CVB i n  human myocard i t i s  ( 4 7 )  . O t h e r  n o n r e l a t e d  
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viruses# such as the echoviruses, influenza A and B viruses, and the 
Epstein-Barr virus, have also been shown to this syndrome in animal 
systems ( 4 7 ) .  These viruses have been implicated in myocardial 
infections by elevated anti-coxsackievirus IgG and IgM antibody titers 
( 4 7 )  - These elevated antibody titers in conjunction with myocarditis 
caused by coxsackie B viruses strongly suggested that the group B 
coxsackieviruses are the etiologic agents of human myocarditis (471. 
Evidence directly relating CVB to human myocarditis by isolation of CVB 
from myocardial tissue is rare, however ( 4 7 )  . 
Cardiac cell destruction during CVB infection takes place by 
either direct cell infection and or by an autoimmune response. Cardiac 
cell death due to direct infection by CVB is due to the cytopathic 
effects of virus multiplication (48). The cells die due to virus 
mediated cell lysis (48) . The heart tissue becomes necrotic with 
lesions that are subsequently infiltrated by mononuclear inflammatory 
cells (48). The main target of the immune system at this point appears 
to be the viral receptor on susceptible cardiac cells (48,491 . These 
CelLs, once identified, are destroyed by cytotoxic T cells ( 4 9 )  .  he 
amplification of the response after CVB infection accounts for major 
cardiac tissue damage ( 4 8 , 4 9 )  . 
Another major factor influencing the extent of myocarditis is the 
genetic makeup of the infected individual ( 5 0 )  - The genetic 
relationship is evident from studies of differing strains of mice which 
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deve lop  d i f f e r i n g  degrees  of myoca rd i a l  i n f e c t i o n  when i n o c u l a t e d  w i t h  
CB3 ( 5 0 ) .  
NO one mechanism appears  t o  b e  s o l e l y  r e s p o n s i b l e  f o r  c a r d i a c  c e l l  
d e s t r u c t i o n  (49). However, it has  b e e n  h y p o t h e s i z e d  t h a t  a c o m b i n a t i o n  
of d i r e c t  i n f e c t i o n ,  autoimmune r e s p o n s e ,  a n d  the g e n e t i c  make u p  of  t h e  
i n d i v i d u a l ,  a l l  a f f e c t  t h e  degree  o f  m y o c a r d i t i s  ( 4 9 )  . 
Because of t h e  r e c e p t o r ' s  i m p o r t a n c e  i n  i n f e c t i o n  b y  CB3 a n d  i t s  
r e l a t i o n s h i p  t o  t h e  immune t a r g e t i n g  by  t o x i c  l ymphocy te s ,  there i s  a  
need t o  i d e n t i f y  t h e  v i r u s  c e l l u l a r  r e c e p t o r .  The i d e n t i f i c a t i o n  o f  
p i c o r n a v i r u s  c e l l u l a r  r e c e p t o r s  have  b e e n  b r o u g h t  a b o u t  by b i o c h e m i c a l  
p u r i f i c a t i o n s  (VRa i n  HeLa c e l l s  i n f e c t e d  b y  c o x s a c k i e v i r u s e s  (35)) a n d  
by molecular  b io logy  approaches ( I C A M - 1  f o r  r h i n o v i r u s e s  a n d  PRm f o r  
p o l i o v i r u s e s  (31,33) ) . C r o s s - l i n k i n g  r e a g e n t s  o f  t h e  t y p e  u s e d  f o r  t h e  
s t u d y  o f  membrane i n t e r a c t i o n s  w i t h  l i g a n d s  s u c h  a s  hormones h a v e  n o t  
been s u c c e s s f u l l y  employed with v i r u s e s ,  b u t  have  been  p r o p o s e d  a s  
approaches  t o  s tudy  t h e  problem. The Denney- Ja f f e  r e a g e n t  i s  a n  1251- 
l a b e l e d  c r o s s - l i n k i n g  reagent  (N-[4(p-azido-m- 
[ 1 2 5 ~ ]  iodophenylazo)  benzoyll -3-arninoprop-N - y s c i i m i d e  e s t e r )  
ba sed  on a c r o s s - l i n k i n g  reagent  d e v e l o p e d  by  Denny a n d  B l o b e l  (51). 
The c r o s s - l i n k i n g  reagent  may be a t t a c h e d  t o  a n t i b o d i e s  o r  o t h e r  l i g a n d s  
such  a s  v i r u s e s .  The complex i s  t h e n  e x p o s e d  t o  t h e  a n t i g e n  o r  t h e  
c e l l .  Once t h i s  is done t h e  r eagen t  i s  p h o t o r e a c t i v e l y  c l e a v e d  a n d  t h e  
l a b e l e d  p o r t i o n  of t h e  reagent  becomes f i x e d  t o  n e a r b y  membrane 
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components (51) - The resulting cross-linked labeled cell components are 
then analyzed by gel electrophoresis and radioautography. 
The cross-linking procedure has several advantages. The cross- 
linking Process is easily controlled since the first step is chemical in 
nature and can be carried out in the dark independent of the second 
photoreactive cross-linking step ( 5 2 )  . Cross-linking is very specific 
due to the covalent attachment of the reagents reactive group to the 
ligand which reacts specifically with cell receptors ( 5 2 )  . Also, 
purification of the plasma membrane is not necessary, as with other 
methods to isolate the subcellular receptor, eliminating cross 
contamination with other subcellular fractions ( 5 2 ) .  All of the above 
procedures and methods require a purified supply of virus for the 
initial establishment of the technique. The process of purification has 
been the subject of this thesis. 
In summary CB3 has been propagated in BGM cells and purified by 
differential, isopycnic, and rate zonal centrifugation to virtual 
homogeneity. The virus can be used in biochemical and molecular studies 
to deduce the cellular receptor. 
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